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I. REAL PARTY IN INTEREST 

The real party in interest of the present application is Ryogen LLC Ryogen LLC is 
the owner of the present application by way of an assignment from the inventor, Janus W. 
Ryan of ail rights, title, and interest. 

II. REL ATED APPEALS AND INTERFERENCES 

There are no appeals or interferences related to the present application. 

III. STATUS OF CLAIMS 

Claims 7, 10, 1.5- 1 8, 20, 24, 25, 30 and 31 stand finally rejected by the Examiner as 
noted in the Office Action mailed on January 2, 2009 and in the Advisory Action mailed June 
24, 2009. Claims 1-6, 8-9, 1 1, 13, 19,21 and 26-29 have been canceled. Claims 12, 14, 22, 
23 and 32-38 have been withdrawn. The rejection of claims 7, 10, 15-18, 20, 24, 25,30 and 
33 is appealed. 

IV. STATUS OF AMENDMENTS 

Amendments to claims 7 and 24 subsequent to the Examiner's Final Rejection mailed 
January 2. 2009 were submitted but were not entered. 



V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

A. Independent Claim I 



Claim Elements 


Support in 
specification 


An seated nuclei ecki mokuile 2'f SpK" contiguous 
nucleotides in length consisting of a reverse or forward strand of a 
region of SI X) ID NO:4 


Page u, line 34; 
paee 10, lines 22- 
26 


wherein said region is selected from the group nsist ng ot a5~- 
non coding region depicted in nucleotides 51039-41739 of SEQ 
ID NO:4, a .V -non-coding region depicted in nucleotides 9503-1 
of SEQ ID NO:4. a contiguous intron-exon region between 
nucleotides 4.1738-9502 ot SEQ ID NO. 4, wherein a sequence 
segment comprising 41738-9502 of SEQ ID NO: 4 encodes human 
t i doul limit i i . k ; u n Sf ID NO:2. a 


Page 10: Table 2 
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I contiguous exon-intron region between nucleotide 41 738-9502 oi' 
! SEQ ID NO:4, wherein a sequence segment comprising 41738- 
j 9502 of SEQ ID NO;4 encodes human mouse double minute 2 
I homoiog depicted in SEQ ID NG:2, an tntron depicted in 

nucleotides 36385 «)645 S6309-33I27 S2994-29616 29564 
| 25577,25507-25384, 25287-21 169, 21. 006-141 10, 13953-13267, 
! and/or 1 3 1 88-10665 , a region comprising a dinueleotide of the 
I following group; 41739-41738, 40645-40646, 36309-36310, 
| $6384-36385 12994 32995 33126-33127,29564-29565,29615- 
I 29616.25507-25508,25287-25288, 25383-25384,25576-25577, 
I 21006-21007, 21.168-21 169, 14109-14110.13953-13954, 13266- 
| 1.3267, 1318843189, 10664- 10665 and/or 9504-9503 
| a transcript i< >n binding site selected from the group consisting of' 

I BINDING SU ES huMDM2. location in SEQ ID NO:4 

AP1_C: 36-46, 2876-2886; 

AP4„Q5; 7944-7980; 

AP4_Q6: 7943-59, 8924-8940,9294-9310; 

ARNT_01: 1682-1706, 2193-2217, 9201-9225; 

BRN2„01 ; 1040-1058, 7803-782 i ; 

CAAT01 : 3292-3306; 

CDPCR3HDJ) 1 : 6522-6540; 

CEBPBjll ; 1424- 1 438, 39 17-393 1 , 4 178-41 92 , 4787- 
4801,6855-6869; 

CREI._01: 5630-5642; 

DELTAEFi„01: 83-95, 6328-6340; 

FREAC7_01: 2757-2773, 5154-5170, 5823-5839; 

GATAIJM: 4846-4858, 7017-7029; 

GATA1JB5: 8464-8476; 

GATA2 „02: 6045-6057, 6073-6085, 6142-61 54; 

GATA2JB: 2489-2501 , 3323-3335, 3384-3396, 



Page 9, ! me 29 to 
page .10, line 2; 
Tabic 3 on pages 
10-12 
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GATA3_Q2; 3264-3276, 6870-6882: 




GATA3J03: 40-52, 5729-574] , 6529-6541 , 6874-6886, 
7041-7053,7589-760]; 




GATA_C: 7 349-7361,8188-8200; 




HFH2L01 : 1 743- 1 759, 7995-80 1 1 ; 




HFH3 jn : 502-5 18 J 739- 1 755, 4] 60-4 5 76, 9402- 
941 8 , 94] 8-9434; 




HFH8JH: 8184-8200; 




IK2J) 1 : 95 1 -963 . 3588-3600; 




MZF1_01 ; 1202-1 210, 1447-1455, 4997-4005, 5424- 
5432; 




NF1„Q6: 1480- 1 500, 8 166-8182; 




NFAT_Q6: 4190-4208, 6009-6027; 




NKX25J01: 741-755, 1648-1662, 1885-1899, 1984- 
1998, 3609-3623,4928-4942, 5060-5074, 5889-5903, 8850-8864, 
9190-9204; 




NKX25J02: 2584-2599, 2970-2984, 4644-4658 , 5 1 79- 
5193,6482-6496; 




NMYC„01: 2560-2572; 




RORA1_01 : 220-238, 2638-2656: 




S8J) 1 : 4644-4656, 4842-4854, 4845-4857 , 5200- 
5212, 5371-5383, 5735-5747, 6482-6494, 6541-6553, 6544-6556, 
6772-6784, 7270-7292, 7273-7285; 




vSOXSJH : 1355-1 371 , 1430-1446, 3094-3 1 10, 3 155- 
3171 , 4669-4685, 4692-4708 , 4789-4805; 




SRY..02 : 4 164-4 1 80, 5665-5681 ; 




i'A 1 A_0? : 1 26 1-1277. 2574-2590. 2723-2739. 2733- 
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2749, 2770-2786, 4 i 99-421 5, 4206-4222; 

TATAjC: 5900-5916, 7456-7472, 7702-7718, 7917- 

7933; and 

XHJ2 J)i : 7702-72 1 8, 7917-7933; 

a transcription binding site selected from the group consisting of 

BINDJNCi SITES hnMDM2. locate m SEQ ID NO:4 
APl_C: 12109-12119. 12695-12705, 226OO-226I0. 

24 1 66-24176 , 3 1 .3 11 -3 3321 , 35234-35244, 391 84-39 1 94; 

AP1„Q2: 1 1 952-1 1962, 12068-12078, 14798- 14808, 

21748-21758. 22613-22623. 23676-23686, 26562-26572, 30046- 
30056; 

APLQ4: i 2695- 1 2705 ,31311-31321. 35234-35244, 

36295-36305, 38784-38794, 39188-391.98; 

AP4_Q6: 31635-31651; 

BRN2„01: 13448-13466. 14764-14782, 28094-281 12, 
40027-40045; 

CAAT 03 : 1 1 288-1 1 302 , 1 5054-1 5068; 

CDPCR3fiDJ)l: 1 1286-1 1304, 13284-13302. 20846-20864, 
29344-29362; 

CEBPBJH: 29241-29255; 

CRELJH : 36091 -36 1 03, 38873-38885; 

DELTAEFL.0 5 ■ * 8083- 18095, 20385-20397, 26955-26967; 

FRBAC7JH: 1 1982-11998, .15187-15202, 16523-16539, 

16529-16545, 16587-16603, 16604-16620, .16676-16642, 16633- 
16649. 16644-16660. 16650-16666, 16657-16673, 16673-16689, 
16762-16778, 2.1332-21348. 25689-25700. 26529-26545. 27767- 
27783,29495-29511; 

GATAUJ2: 10916-10928, 15775-15789, 18162-18174, 

26088-26100, 325 18- 32530; 
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GATAUM: 11153-11165, 11630-1 1642, 13778-13790 : 

17439.17451, 19300-19312, 21606-21618, 22743-22755, 23747- 
23759. 25806-25818. 26529-26541. 29424-29436, 30455-30467, 
32761-32778, 33352-33364, 33960-33972. 36101-36113, 40007- 
400 19; 

GATA1J05: 1 1590-1 1602, 26550-26562, 36737-36749; 

GATAU06: 18772-1 8784, 23054-23066, 35568-35580, 

37855-37867; 

OATA2_02: 20755-20767, 30830-30842, 34755-34767, 
36285-36297, 39143-39155, 39641-39653,40586-40598; 

GATA2 _03 : 1 3535-1 3547 , 2271 1-22723, 23 161-23 1 73. 

25028-25040, 27237-27249, 36277-36289; 

OATA3_02: 1 1558-1 1570. 16470-16482, 17225-17237, 

19619- 1963 1,221 56-22168, 22443-22455, 24713-24725, 27619- 
27631 , 327 1 6-32728, 341 24-34136, 34163-341 75, 36832-36844, 
38403-38415; 

GATA3JB: 10869-10881, 1 1515-11527, 13845-13857, 
17221-172.33, 18952-18964, 20050-20062, 40171-40183; 

GATA_C: 1 5848- 1 5860, 1 8899- 1 8911, 23640-23652, 

29072-29084. 30881-30893. 33198-33210, 37472-37484, 38621- 
38633; 

GFI 1_0 1 : 35469-3548 1 , 35492-35504; 

HFB2J) 1 : 1 5939- 1 5955 , 24636-24652, 25866-25882 , 

32171-32187, 35372-35388, 39457-35473; 

HFH3_01: 13340-13356, 19218-19234,21328-21344, 

21 336-21352, 2 1 344-2 1 360, 28062-28078 , 321 25-32 141 ; 

10118.61 : 14133-141 49, 22578-22584; 

HNF3B_01: 13150-13166, 16505-16521,25264-25280, 
29443-29459, 37654-37670; 

1R2...0I 11547-11559, 17144-17156, 18961-18973, 

23883-23895, 27617-27629. 28908-28920, 29241-29253, 30752- 
30764. 34768-34780; 
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LYP1JM: 
39430-3944: 



123 1 9- 1 233 1, 19191-! 9203 , 37226-37 238 . 



MAX J) I: 



22974-22986.33339-33351; 



MZF1JU: 



26105-26113.35187-35195; 



NH...Q6: 



1 2048- 1 2064 , 33334-33354; 



NFAT.Q6: 13295-13313, 14157-14175, 1431 1-14329, 
1445414432. 18269-18287. 1 5)326-19344, 20801-208 19, 21 177- 
21195,22537-22555,23861-23879.25392-25410,25879-25897, 
27524-27542, 30636-30654, 30718-30736, 31525-31543. 33655- 
33673, 34726-34744, 34917-34535, 34990-35008, 35979-35997, 
36479-36493, 36577-36595, 37154-37172,40224-40242, 40365- 
40383; 

NKX25_01: 12041-12055, 12340-12354. 12471-12485, 12742- 
12756, 12877-12891, 13849-13863. 18995-19009,21440-21454, 
21883-21897. 28426-28440. 30964-30978. 32033-32047, 32265- 
32279; 

NKX25J02: 10998-11012, 12711-12725, 14131-14145, 14726- 
14740,16024-16038; 

NMYCJ01: 18753-18765, 18754-18766. 23076-23088, 30534- 
30546, 34400-344 12; 

RORA1J01: 13134-13152, 22966-22984, 24934-24952. 33341- | 
33359,34760-34778; 

S8JB1: 11000-11012, 11977-11989, 12048-12060, 12051- | 

12063, 13747-13759, 13923-13935, 13926-13938, 14676-14688,1 
14679-14691, 16026-16038, 16313-16325, 16316-16328, 17515- j 
17527, 20756-20768. 20759-20771. 23154-23166, 23157-23169, j 
25198-25210, 25201-25213. 26651-26663. 27508-27520, 27510 j 
27523, 29450-29462, 29478-28490, 29775-29787, 29778-29790, \ 
29813-29825, 29816-29828, 31329-31341 , 31677-31689. 31680- 
31692, 31732-31744. 31735-31747, 36137-36149, 36140-36152, 
36812-36824. 36815-36827, 37413-37425, 38679-38691, 39474- 
39486,39477-39489; 

$0X54)1: 27397-27413.27572-27588,28100-28116,29230- | 
29246,29439-29455,30690-30706,31595-31611,33871-33887, i 
34.1 13-34129, 34624-34640, 37668-37684. 38582-58598,39124- | 
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39 140. 404 10-40426; 




SRY„02: 20016-20032, 22410-22426, 27329-27345 , 29162- 
29178, 29499-29515. 30646-30662, 31503-31519, 35928-35944, 
37324-37340: 




TATA_0l: 32722-32738, 32729-32745, 32807-32823, 33825- 
33841 , 341 20-34136, 35433-35449, 36593-36609: 




TATAjC: 11015-11031, 11817-11833, 13635-13651. 14930- 
34946; 




TCF1 3JH- 18543-18549, 22574-22580, 31281-31297. 31489- 
31505,38754-38770; 




USFJO 1 : 23075-23087. 32577-32589; 




VMYB 02: 11526-1 1538, 17384-17396, 18400-18412, 19549- 
19561 1, 22188-22200, 40486-40508 and 




XFD2_01: 16620-16636. 18153-18169, 22102-22118, 2314.1- 




And a transcription binding site selected from the group consisting 
of 




BINDING SITES HuMDM2 location in SBQ ID NO:4 




AP1_C: 44584-44594, 49069-49079: 




AP1„Q2: 42174-42184, 45217-45227 , 48422-48422, 
50447-50457: 




API „Q4: 42702-427 12, 50806-508 1 6; 




AP4„Q6: 421 17-42 1 33, 421 1 8-42 i 34, 
42244-42260, 45432-45448; 45433-45449, 
46609-46625: 




■RUisSO HI ■ iO'-JIft illlQ ddW dd(\d(\ d~!*>\A £Ti'X*> 

48900-4891 S. 48967-48985; 




CAAT01 ; 44866-44880; 




CDPCR3HD J) 1 : 4567 1 -45689, 49219-49237; 
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CREL01 : 42437-42449, 49797-49809; 

f«EAC7_0i : 47026-47042, 47292-47308, 47658-47674; 

GATAL.02: 43482-43494, 48926-48938, 49284-49296; 

GATA1J03: 47371-47383; 

GATA 1_04 : 43054-43066, 43 1 62-43 1 62, 4 3967-43979 , 
45464-45476, 45916-45928, 47763-47775; 

GA'f'A 1 J)5: 4931 9-49331 , 49459-49471: 

GATA 1 „06: 47590-47602; 

GATA2_02 : 42660-42672, 43475-43487; 

GATA2JB: 43714-43726, 50948-50960; 

GATA3JJ2: 49 I 55-49 167, 49844-49856; 

GATA3„03: 42202-422 14, 448 10-44822, 
48438-48450, 49136-49148, 49337-49349, 
49869-49881; 

GATA„C: 4401 1-44023, 45256-45268, 
45823-45835, 47915-47927, 49201 -49213, 
49573-49585; 

GFI1J)] : 46606-46618. 47063-47075; 

HFH3J01 : 47030-47046 . 47284-47300, 47288-47304: 

IK2J>1: 45275-45287; 

LYFljOl: 44564-44576, 46991-47003, 49567-49579; 

MAX_01: 43234-43246,48726-48738; 

MZFLOl: 41772-41780, 42290-42298, 42295-42303, 
44507-44515. 45 105-451 13. 45203-4521 ! , 49948-49956. 
50774-50782; 

NP1_Q6: 50209-50229; 

\1A1_Q6. 42061-42079, 44418-44436. 46399-464.1 7, 



10 







NKX25_Oi : 42394-42408, 43507-43521 , 461 15-46.1 29; 




RORAL.0J : 45073-45091 ,48718-48736; 




S8„01 : 43552-43564, 45214-45226, 47 1 60-47 1 72, 
484 ! 9-4843 L 49295-49307, 50379-50391; 




SOX5 01 : 437 1 6-43732, 46351-46367. 47156-47172. 
47774-47790, 47868-47884, 47974-47990, 48915-48931 , 50323- 
50339; 




TA.TAJ) J : 45588-45604, 47625-47641 , 48026-48042, 
48659-48675, 49056-49072, 49079-49095, 49152-49168; 




TCFllJH: 49115-49131; 




VMYBJH: 420 10-42022, 42279-4229 1 , 4465 1 -44663; £ 




XFD2_01 : 42870-42886, 42910-42926. 
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B. Independent < 'Uiim 24 



Claim Element 


Support in Specification 


An isolated nucleic acid molecule 20-5000 contiguous 
nucleotides in length 

eonsistiU''' oi a reverse or f irwctrd strand ol a. contiguous exon 
moon region between nucleotides 4.1738-9502 of S-EQ ID 
NO: 4 or contiguous iiuron-exon region between nucleotides 
41758-9502 of SEQ ID NO:4 t 

wherein a sequence segment composing 4 1738-9502 of SEQ 
ID NO:4 encodes human mouse double minute 2 homolog 
0<-pu: ^lw. SI 0 11) NO 2 


Page 9, line 35 to page 10, 
line 2 

Paee 10, liable 2 and pa^e 
14, lines 29-32 

Page 2. lines 7- 1.3; page 10, 
Table 2 



VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. Whether claims 7, 10, 15- 18/20, 24, 25, 30 and 31 comply with the written 
description requirement nuclei 35 ESC §112. first paragraph 

B. Whether claim 7, 10, 15-18, 20, 24, 25, 30 and 31 are unpatentable over Muzny et ai. , 
Genhank Accession No. AC025423 ("Muzny") in view ofVogelstein et aL, US Patent No. 
5,411 ,860 ("Vogelstem"). 

VII. ARGUMENT 

A , Claims 7, 10, J 5-18, 20, 24, 25, 30 and 31 Comply With the W ritten Description 
Requirement 

In the final rejection dated January 2. 2009, it was asserted that claim 7, with 
dependent claims 10, 15- 18, 20, 30 and 31 , as amended on March. 3, 2005 and August 29. 
2005 and. claim 24, with dependent claim 25 , added on March 3,2005 and amended on 
August 29, 2005 to recite "wherein a sequence segment comprising 41738-9502 of SEQ ID 
NO: 4 encodes human mou.se double minute 2 homolog depicted in SEQ ID NO:2, ... a region 

comprising a dinudeotide of the following group: 41739-41738, and/or 9504-9503" (lines 

} 2-15 of claim 7) constitutes new matter and lacks support. Appellant had traversed and 
pointed out that there is more than adequate support in the specification tor claims 7. 10, 15- 
! K, 20, 30 and 3 1 and in part it ular, lor the sequence segment 41738-9502. the nucleotide 
ranges for the various sites for huMf>M2 location in SHQ lf.> NO:4, specific ranges that relate 
to the specific dinucleoade ranges or specific *exon/intron f organization in terms of the 
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specific nucleotide range(s) and in particular, the region comprising a dinucieoiide i.e.. 

nucleotides '41739-41 738'. 

In response, the Advisor}' Action on page 3 slates 

Applicant does not indicate and the examiner is unable to locate 
adequate support m the speciticatirm tor such positions 'ianges 
m SEQ 10 NO: 4. li is also noted that chum 7, starting from line 
17, indicate nucleotide ranges for various binding sites for 
huMDM2 , location, in SEQ ! 0 NO:4 (claims filed 9/14/2008), 
pages 2-8. However, there is no basis for these nucleotide 
ranges (For Example: APi_C: 36-46, 2876-2886; AP4_Q5: 
7944-7980 

Thus there is no indication that the speci fic segments or ranges 
were within the scope of the invention as conceived by 
Applicants at the time the application was filed 

The Advisory Action on page 5 further states 

Applicants arguments are considered but not found to he 
persuasive because the specification as originally filed does not 
teach the specific ranges that related to the specific dmuefeotide 
ranges or the specific 'exoniiniran' organization in term of the 
specific nucleotide range* s). 

Based upon the teachings of Table 2. on page 10. wherein b.xon 
I begins at nucleotide 40726 of SEQ ID NO:4 and the stop 
codon terminates at nucleotide 10091 of SEQ ID NO:4. 
However is it not clear that nucleotides 41738-9502 of SEQ I'D 
NO: 4 would constitute a sequence segment that encodes human 
mouse double minute 2 homoiog protein. Similarly, the region 
comprising a dinucieotide i.e., nucleotides '41739-41738', does 
not have no basis in the instant specification. 



in response, and as stated in previous responses, there is more than adequate support 

in the specification for the positions/ranges in SEQ ID NQ:4 recited in claims 7, 24 and 25. 

On page 4, lines 25-30 of the specification, it is stated; 

The invention is directed to isolated genomic polynucleotide 
fragments that encode ...human mouse double minute 2 
homoiog, which in a specific embodiment are... human mouse 
double minute 2 homoiog genes, as well as vectors and hosts 
containing these fragments arid polynucleotide fragments 
hybridizing to noncoding regions, as well as ami sense- 
oligonucleotides to these fragments. 

Further, the specification on page 14, lines 29-33 states; 
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The present invention also relates to nucleic acid constructs 
comprising a polynucleotide sequence containing the 
exon/intron segments of the ..... human mouse double minute 2 
homolog gene (nucleotides 1-51039 ol" SKQ ID NO:4). 

Tabic 2 on page 10 of the specification shows ' exon/imron organization of the human mouse 

double minute 2 homolog gene... in SEQ ID NO:4. 5 1030 base pairs; nucleotides 99541- 

1 50579 in the genomic clone of accession no. AC025423 (reverse strand cloning}''. Exon 1 

according to Fable 2 begins at nucleotide 40726 ofSEQ ID NO:4 and the stop codon 

terminates at nucleotide 10091 of SEQ IDNO:4. However, there are further nucleotide 

sequences set forth in SEQ ID NO:4, nucleotides 51039-40727 at the 5" end and nucleotides 

1-10090 at the 3' end. It is merely implicit in Table 2 that the minimum genomic DMA 

sequence encoding human mouse double minute 2 homolog ("MDM2") protein ranges from 

nucleotides 40726-10091. Certainly a larger sequence can encode human MDM2 protein, 

such as the recited nucleotides 41 738-9502 of SEQ ID NO;4. As noted, above, the human 

MD.M.2 gene is actually encompassed by nucleotides I -5 1039 of SEQ I'D NO:4). Thus, there 

is support for the recitation in claims 7 for the phrase "wherein a sequence segment 

comprising 41738-9502 of SEQ ID NO: 4 encodes human MDM2 depicted in SEQ ID MO:2, 

... a region comprising a dmuck-ohde of the following group: 4 i 739-41738, and/or 9504- 

9503" (lines 12-15 of claim 7). 

Further, there is support for the recitation "a region comprising a dinucleotide of the 

following group: 41 739-41738" in claims 7 and 25. in particular. Applicant notes that page 9; 

lines 29-32 states: 

The invention is further directed to polynucleotide fragments 
containing or hybridizing to noncoding regions of the ...human 
mouse double minute 2 homolog genes. 'These include but are 
not limited to an expression control element, an intron, a S'non- 
coding region, a 3 '-non-coding region and splice junctions (see 
tables 1-2, as well as transcription factor binding sites (see 
Table 3). 

A region encompassing the dinucleotide 41739-41738 would he within the .V -noncoding 
region and would thus constitute a fragment containing a ;v non-coding region. 

Similar!) it is \.ppeilai * j ttion tha ht m leotide ranges of the specific 
exon/intron organisation would he taught as well. This is because, the various exon/intron 
(splice) junctions are disclosed in Table 2 and u is clearly indicated that fragments containing 
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these exon/imron junction would be encompassed as well. Specifically it is stated on page 9, 

line 33 to page 1.0, line 44; 

The polynucleotide fragments may he a short polynucleotide 
fragment that is between about 20 nucleotides to about 50 
nucleotides in length. Such shorter fragments may he useful for 
diagnostic purposes. Such short polynucleotide fragments are 
also pre letted with respect to polynucleotides containing or 
hybridizing to poly nucleotides containing splice junctions. 
Alternatively large: fragments, e.g., of about 50, 150, 500, 600, 
2000 or about 5000 nucleotides in length may be used. 

Finally, with respect to lack of support of transcription binding sues recited in claim 7. it is 

Appellant's position that Table 2 lists various transcription factor binding sites, bach sue is 

readily found in SHQ if) NO:4. Appellant notes that fragments 20 nucleotides in length are 

disclosed in the specification as well (see p. 10, lines 13-18). it is stated in the specification: 

...These include but are not limited to an nitron, a 5 '-non- 
coding region, a 3'-noneoding region and splice junctions (see 
table 1), as well as transcription factor binding sites (see table 
2). The polynucleotide fragments may be a short polynucleotide 
fragment which is at least 15, 16, 17, IS or 19 nucleotides in 
length but may be between about 20 nucleotides to about 50 
nucleotides in length Such shorter fragments may be useful for 
diagnostic purposes. 

One of ordinary skil l in the art would given the information provided in Table 2 and 
tools known to one of ordinary skill in the art as of the priority date been able to tdenti fy the 
transcription sites recited in claim 7 such as the program Matinspector and is commercially 
available from Geomatix Gmbh (www.geomatix.de). Such programs were available as of the 
priority date of the instant application. Furthermore, as noted in MP'EP 2163, 
While there is no in haw verba requirement, newly added claim 
limitations must be supported, in the specification through 
express, implicit, or inherent disclosure. 

Given that there is information in Table 2 indicating the presence of ail of the recited 
transcription factor binding sites, given that the sequences of these transcription factor binding 
Sites are well known in the art, given that one of ordinary skid in the art could have identified 
the transcription binding sites recited and given that SEQ ID NO:4 is known, there is 
sufficient support in the specification to meet the criteria set forth in the MPEP, Thus, no new 
matter has been added with respect to claim 7, 
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In conclusion, there is adequate support lor the phrase in claim 7 "wherein, a sequence 
segment comprising 4 I 738-9502 of SEQ ID NO:4 encodes human mouse double minute 2 
homolog depicted in SEQ I'D NO:2, ... a region comprising a dinucleotide of the following 
group: 41739-41738, ... " as well as claim 24 directed to an isolated nucleic acid molecule 20- 
5000 nucleotides in length consisting of a reverse or forward strand of a contiguous exou- 
intron region or mtron-exon region between nucleotides 41738-9502 of SEQ ID NO:4 and 
claim 25 directed to an isolated nucleic acid molecule 20-5000 nucleotides in length 
comprising nucleotides 41739-41738....". Further, claims 10, 15-18, 20, 24, 25, 30 and 31 
ultimately depend from claim 7. Thus, arguments made with respect to claim 7 would apply 
to these claims as well. 



B. Claims 7, 10, 15-18, 20, 24, 25, 30 and 31 are not Obvious over Muztiy et al. in view of 
Vogetstein 

In the final rejection dated January 2, 2009, the Office Action stated: 

It would have been obvious to one of ordinary skill in the art at 
the time the invention was made to use said eDNA to identify 
the genomic DNA that encodes the human MDM2 homolog of 
SEQ ID NO:2, The motivation is provided by Vogelstein et al. 
who teach thai it binds to oncogene p53 and is diagnostic of 
fumorigenesis (citation omitted). The state of the art provides 
various techniques tor obtaining genomic DNA using eDNA 
probes that are usually labeled. The comparison of genomic and 
eDNA would result in the identification of regions comprising 
exon-intron and mtron-exon junctions within coding and 

noncoding regions. One of ordinary skill, in the art would have 
been motivated to use said non-coding regions or fragments 
thereof of at least 20 nucleotides and up to 5000 or 51039 
nucleotides (the entire length of SEQ ID NO:4) nucleotides for 
detecting splice variants of the genomic DNA encoding human 
MDM2 homolog in genomic nucleotide samples from an 
individual, for example. As a matter of convenience a non- 
coding region such as an exon-nitron or mtron-exon region or 
fragments thereof can be present in a kit or on. a solid support. 
Further, said support can be a microarray according to a 
customary use of nucleic acid molecules in the art. 

Appellant had traversed the rejection. In the response dated May 30. 2009, Appellant 
had asserted that it would not have been obvious to combine die disclosure of Muzny and 
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Vogelstein gi ven that there was no suggestion to do so and further to assert thai undue 
experimentation would have been required not only to locate the MDM2 gene but also 
identify exon-intron junctions. 

In response, in the Advisory Action dated June 24/2009. the following assertions are 



With regard to the 103(a) resection- Applicant's arguments can 
be summarized as follows; 1 ) Muzny contain* a small portion of 
chromosome 1.2, where the location of the MDM2 gene was 
indicated by Vogelstein as 12q.l 2-1-1 while Applicant .found it 
on 12q and 2} the MOM eDNA constitutes only 1 -6% of the 
clone disclosed by Muzny, therefore it would he undue 
experimentation to locate the MDM2 gene and identify its 
exon-intron junctions . 

Applicant further argues Second, Appellant asserts that there 
would not be a reasonable expectation of success of obtaining 
the claimed non-coding sequences of SEQ ID NO; 4 in view of 
the cited references. Vogelstein placed the human MDM2 
homologue gene at 1 2q 12-14. As noted above, there was 
actually a previous disclosure stating that the MDM2 was 
located between 12qi4.3-15 (see, for example, Andersen et al„ 
19%, Mammalian Genome 7: 780-783 and Bureau, 1995. 
Genomics 28: 1.09-1 12, submitted and disclosed in previous 
response attached hereto as Exhibit I). However, given the 
conflicting locations published as of the priority, one of 
ordinary skill in the art would not have known which location 
was actually correct" (Brief, page 14), 
This is not agreed will; because the actual location docs not 
matter as long as it is a part of the Muzny sequence, which it is. 
Applicant did not need to separate the Muzny sequence into the 
fragments con' unuu different aims of chromosome 12. In fact, 
Applicant did not isolate the fragment 12ql 2-1.4 or i2ql.4.3-15. 
He run eDNA against the genomic DNA disclosed by Muzny 
and found the location of the gene where it was. This 
experiment was performed according to the knowledge and the 
state of the art as evidenced by Watson et ai. Watson et ah teach 
that "once the fust genes were cloned, in irons were identified 
by comparing the cloned genomic DNA with the corresponding 
cloned eDNA" ("Recombinant DNA", page 337, 2.^ column, 
form FT0892 mailed 4/16/07). Applicant's argument would he 
convincing if the exact location would need to be known before 
the comparison of th< g rum and th< eDNA is made 11ns is 
not the case because the work is done on the genomic DNA thai 
is known without fragmentation thereof. Applicants further 



17 



argues that "Watson would not apply in this ease since in 
Watson, the genes themselves were actually clum-d 1 ' (ibid, page 
18, last sentence). This is nut persuasive because Muzny 
provided the piece of the genomic UNA containing the requisite 
gene. Having the cONA, it docs not require undue 
experimentation to identify the fragment of the genomic I>NA 
corresponding to the gene and exon-imron locations within said 

The second type of Applicants arguments concerns with the 
fact that the cDNA constitutes only 1 .6% of the genomic ON A. 
While a large quantity of the experimentation may he involved, 
it is not undue because sufficient guidance and knowledge arc- 
provided by the art. 

Appellant maintains that the claimed invention is not obvious over the cited references 
for several reasons. (1) One of ordinary skill in the art could not have predicted where the 
human MOM2 gene was located; (2) The conflicting teachings in the art with respect lo the 
possible location ot the human MDM2 gene is of particular significance; (3) At best, this 
would still be an ''obvious to try" situation; (4) There was a long felt need and it is likely that 
i ithcrs had tiled hut failed before the priority date of the instant application- Each of these 
reasons will he discussed in further detail below: 

(1) One of ordinary skill in the art could not have predicted where the MBM2 
gene vras located 

Mumy merely discloses the sequence of a genomic clone containing chromosome 12 
sequences, not isolated SEQ 10 N<>:4 (see Evidence Appendix). No indication is provided is 
provided in the Muzny disclosure as to which portion of chromosome .12 has actually been 
sequenced. Vogelstem (see .Evidence Appendix.) merely discloses the human MOM2 cDNA. 
Appellant was the first to identify SEQ ID N0:4 and determine that it did indeed encode 
human MDM2 and in particular determine the claimed noocouJog sequences. 

Muzny only disclosed She sequence of the clone AC025423. There was no indication 
at the time of the filing dale of the instant application that A( 4)25423 actually contained SEQ 
10 NO:4, more specifically a sequence encoding human MDM2. Muzny only sequenced a 
small portion of chromosome 12. the chromosome 12 BAC clone AO025423 which contains 
less than 0.12% of the chromosome (about 15? kB vs. about 132,000 Kb). The clone's sub- 
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site on chromosome .12 apparently was not then known, Muzny did not even suggest, mast 
less state whether the clone AC025423 did or did not contain any gene. The determination of 
a sequence of genomic DNA does not necessarily imply the presence of a gene. This is 
because it is well known in the art and was certainly well known when the instant invention 
was made and as of the filing date of the instant application that most genomic DNA contains 
"junk" DNA, not genes (see, e.g., Wong et a!., 2000, 'Is Junk DNA Mostly Jnto.m D.N A?" 
Genome Research SO; 1672-1 678 in Evidence Appendix that discuss ""jtmk" DNA in further 
detail). As is evident from this review article, junk DNA was well known as of the priority 
date of the above-referenced application. When obtaining genomic clone sequences, one of 
skill in the art. would nut have any way of knowing whether or not il actually contains a 
genet's) or just junk DNA. Even noting that a clone has a high GC content is a poor guide to a 
sequence's likely gene content, especially given the presence of pseudogene.s\ Therefore. 
contra to assertions made in the Advisory Action, disclosure of this particular sequence would 
not indicate to the skilled artisan that this clone would necessarily contain a gene. 

The done AC025423 is 150379 nucleotides in length. The eDNA sequence only 
contains 2372 nucleotides (.1 ,(>w of AC '025423). However, one of ordinary skill in the art 
would not know where or how these 2372 nucleotides, arc interspersed within the AC '025423 
clone or if indeed it is even present. No teachings are provided as to the structure of the 
MDM2 gene itself: number and size of exons, number and size of in irons, locations of exons 
and nitrons and number and size of 5* and 3' untranslated regions. The possibilities are close 
to infinite. Thus there would not be a reasonable expectation of success of obtaining the 
claimed sequences given that the isolation and identification of the claimed sequences 
constitutes undue experimentation. 

Appellant washes to further emphasize that tire size of the eDNA relative to the 
isolated genomic clone is of particular significance. If, lor example, the eDNA constituted 
50% of a particular genomic clone, considerable less experimentation would be involved in 
determining the sequence of a particular gene than when it is merely 1 .(>'}<- of the genomic 
clone . 

Watson has been mentioned during prosecution to support the premise that it would be 
simple to locate inti on n j i in the. Mu tence \ppel.!ant asserts that the 

teachings of Watson would be of little Significance. Watson et al. provides a general 
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description as to how infro.ns may be located by comparing cloned cDNA to cloned genomic 
DMA. However, it would not be feasible to compare cDNA to the entire Muzny sequence. 
SmaUer fragments would he necessary. As will he discussed in further detail below, trying to 
find the MDM2 gene given the teaching of Muzny, V "gel stein and even Watson would 
metaphorically he like ''throwing darts'". 

(2) The conflicting teachings in the art with respect to the possible location of the MDM2 
gene is of particular significance 

Appellants disagree with the assertion that the "actual location does not matter as 
lung as it is a part of the Muzny sequence, which it is". As noted in previous responses, 
Vogeistem placed the human MDM2 homologate gene .it 1 2 q 1 2- 14. Actually, this finding is 
incorrect . After the publication of Vogelstei n , the gene was found not to be i< icaled at 1 2q 1 2- 
14. The gene is actually several millions of base pairs away at 12ql5 (see, for example, 
Andersen et aL, 1996, Mammalian Genome 7:780-783, Bureau, 1995, Genomics 28: 109-1 1 2 
and Genecard and set forth in the Evidence Appendix, attached hereto as Exhibit 1 and 
previously made of record). Thus, even if these two references were indeed combined, the 
ordinary skilled artisan would have looked lor the MPM2 gene tn the wrong location and thus 
would not have obtained the claimed sequences. Once one of ordinary skill in the art was 
unable to fi nei the human MDM2 gene at I2ql2-i A . one of ordinary skill would have had no 
clear direction as to where the MD.M2 gene was located on that particular sequence or if 
indeed it would he located on that sequence at all. The human MD.M2 gene is interspersed 
among the recited Muzny sequence. Thus the possible location of the MDM2 gene is of 
particular- significance since it would be less likely that one of ordinary skill in the art would 
have .i reasonable expectation of success. 

(3) At best, this would still be an "obvious to try" situation 

It is Appellant's view that the combination of the two references would soil constitute 
"obvious to try" even under KSR v Teiefiex, KSR v Tele flex, 82 lfS1^2d 1385; 127 S.Ct. 
1727 (2007) and In re Kubm,5$l F.od 1351 (Fed. Cir. 2009). Appellant notes that the 
"Examination Guidelines for Determining Obviousness I Index 35 U.S.G. 103 m View of the 
Supreme Court Decision in KSR huemafional Co, v. Tekflex", 72 FR 57526 (October 10, 
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2007) (hereinafter "Examinaiion Guidelines''} staled with respect to "obvious to try" the 
following; 

To reject a claim based on this rationale. Office personnel must 
resolve the Graham factual inquiries. Office personnel must 
then, articulate the following; 

( ! ) a finding that at the time of the invention, there had 
Ken .1 reeogi tern or need in the art. which may 

include a design need or market pressure to solve a problem; 

(2) a finding that there had been a finite number of 
identified, predictable potential solutions to the recognized need 
or problem; 

(3) a finding thai one of ordinary skill m the art could 
have pursued the known potential solutions with a reasonable 
expectation of success; raid 

(4) whatever additional findings based on the Orafumt 
factual inquiries may be necessary, in view of the facts of the 
ease under consideration, to explain a cone fusion of 
obviousness. 



Ex parte Kubin, S3 USPQ2d 1.410, 2007 WI, 2070495 (Bd. App. & Int. 2007} was 

cited as an example in the Hxanimabon Guidelines of a situation where a finite number of 

identified, predictable solutions; are provided with a reasonable expectation of success. 

However, in the Federal Circuit decision affirming Ex parte Kubin, hi re Kubin 56! F.3d 

3351 (Fed. Or. 2009), the Court stated; 

To differentiate between proper and improper! applications of 
"obvious to try," this court outlined two classes of situations 
where "obvious to try" is erroneously equated with obviousness 
under § 103. In the first class of cases, what would have been 
"obvious to try" would have been to vary all parameters or try 
each of numerous possible choices until one possibly arrived at 
a successful result, where the prior art gave cithei no indication 
of which parameters were critical or no direction as to which of 
many possible choices is likelv to be successful / citing In re 
O'FarreU, 853 E2d 894, 903 (Fed. Cir. 1988)). In such 
circumstances, where a defendant merely throws metaphorical 
darts at a board Sided with combinatorial prior art possibilities, 
courts should not succumb to hindsight claims of obviousness. 
The inverse of this proposition is succinctly encapsulated by the 
Supreme Court's statement in KSR that where a skilled artisan 
merely pursues ""known options" from a "finite number ot 
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kienti tied, predictable solutions " obviousness under § 103 
arises. 550 U-S. at 421. 

The second class of Q'Farrdl's impermissible "obvious to try" 
situations occurs where what was "obvious to try" was to 
explore a new technology or general approach thai seemed to be 
a promising lieid oi experimentation . where the prior art gave 
only general guidance as to the particular f orm of the claimed 
invention or how to achieve it. 

As stated abo\ c the teach in ot the pi ioi art would constitute metaphot lib throwing 
the darts. Muzny et ah merely discloses a chromosome 12 genomic sequence. No direction is 
pro ided in iv regard i ■> i< >. tioo >f the MDM2 gene Furthet lh lone \C02542 
is 150,579 nucleotides in length. No indication is even given as to where the MDM2 gene is 
contained within this clone . The eDN A sequence only contains 2372 nucleotides (1.6% of 
AC025423). However, one of ordinary skill in the art would not know where or how these 
2372 nucleotides are interspersed within the AC025423 clone or jf indeed it is even present- 
No teachings are provided as to the structure of the MOM 2 gene itself: number and size of 
extms. number and size of nitrons, locations of exons and introns and number and size of 5 J 
and 3' untranslated regions. Additionally, the situation is further complicated by the two 
disclosures in the art regarding the possible location of the Muzny sequence, Vogeistem and 
Andersen. Specifically as noted above. Appellant notes that Vogelstein placed the human 
MDM2 homolog gene at 12qi2-14. After publication of Vogelstein, the MDM2 homolog 
gene was found to be located several kilobases away at 1 2ql5. One of skill in the art would 
not have known where to look. 

The second '"obvious to try" situation would apply as well This is because only 

general guidance is provided in the art with respect, to detecting intron/exon junctions. 

Specifically, Watson et ai. on pages 537-138, states 

Once the first genes were cloned, introns were identified by 
comparing the cloned genomic DNA with the corresponding 
chmed cONA. For small genes, such as the heta-glohin gene, 
the sizes of the introns and the locations of intron-exou 
boundaries were precisely determined by sequencing cloned 
genomic ON \ and <. with the cDN \ 

sequence and with the protein sequence. Introns exist in genes 
from all eukaryritii aim als plant genes and, surprisingly, it) 
genes of the £ colt phage T4. Often the nitrons of a gene 
contain many more nucleotides than do its coding exons, thus 
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accounting for the previously unexplained large sizes of many 
primary RNA transcripts. The number and size of introm vary 
widely" from one gene to another. 

There is no specific methodology provided regarding how to locale the human MDM2 gene 
itself or even its size. Further, even Watson admits to variability of size and location of 
rations. 

Further, the claimed invention can be distinguished horn the tacts in Kabin. 

Specifically, in Rubin, the claimed invention was directed to 

An isolated nucleic acid molecule comprising a polynucleotide 
encoding a polypeptide at least 80w identical to ammo acids 
22-221 of SEQ ID NO: 2. wherein the polypeptide binds CD48. 

Id 

In the rejection affirmed by the Board, the Examiner asserted (hat 

'The skilled artisan would have been motivated to isolate the 
nucleic acid sequence corresponding to NAIF, based on 
Vahante's disclosure of p38 (which is the same protein as 
NAIF) and V'aliante's express teachings how to isolate p38 
cDNA by using conventional techniques, such as taught in 
Sambrook, including using mAbC 1 .7, a probe specific for p38. 

Id. 

This finding of obviousness in Kubw appeared to be predicated on the obviousness of 

isolating NAIF cDNA.not airy other nucleic acid sequences encoding the NAIL protein, hi 

re Kahili specifically states 

Moreover, the record strongly reinforces ...the board's factual 
finding that one of ordinary skill would have been motivated to 
isolate NAIF cDMA, given Vuliaute's teaching that p38 is 
"Expressed by virtually all human NK cells and thus plays a 
role in the immune response". . . .The record shows that the prior 
art teaches a proton of interest, a motivation to isolate tire gene 
coding for thai protein, and illustrative instructions to use a 
monoclonal antibody specific to the protein for cloning this 
gene. 

Id. 

In contrast, the claimed invention is directed to a nucleic acid molecule 20-51039 
contiguous nut > t es no! M Q 

ID NO:4. SEQ ID NO:4 is a genomic sequence, not cDNA encoding MDM2- This is very 
different from Kubin which involves deducing the NAIF cDNA sequence from NAIF 
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polypeptide sequence and subsequently isolating this sequence. The art. cited in the instant 
application was a cDNA sequence and a genomic clone containing chromosome 1 2 sequence. 
Considerably more and undue experimentation would be involved in identifying and isolating 
the genomic sequence and consequently the claimed regions comprising the recited noneoding 
regions of the MDM2 gene than in identifying cDNA in view of a disclosure of a polypeptide 
sequence. The claimed sequence is between 20-51039 nucleotides in length. lire Muzny 
sequence is 150579 nucleotides in length. No direction or frame of reference is provided as 
to where the MDM2 sequence could be located. furthermore, although Vogelstein, disclosed 
the MDM2 cDNA, no direction is provided as to the location of exons. intitms, 5" 
untranslated and/or T untranslated regions. 

It is Appellant's view that She claimed invention is mure analogous to Ex Park' Koide, 
Appeal 2009-1912, 2009 WL 1719400 <Bd. Fat. App. & latter. 2009) decided, subsequent to 
//! re Kubin. In Koide, it was held that claims to a hbronectin molecule containing a 
stabilizing mutation of at least one of Asp7, Asp23 or Giu9 were not obvious over a prior art 
disclosure of randomly screening Pibronectin type 111 . > up, ptidt > at a <• ariet\ oJ positions 
and the disclosure of a Pibronectin type HI subunit binding domain since "there is no 
predictable expectation that performing the random screening methods oi the cited prior art 
would predictably result in the polypeptides containing the recited mutations. Here, there is 
no indication that performing the iecombinant DNA methods would necessarily result in the 
claimed nucleic acid molecules. 

(4) There was a long felt need and it is likely that others had tried but failed before the 
priority date of the instant application. 

There has been a great deal uf interest in the scientific community in human MDM2 
given its potential use as a diagnostic and therapeutic agent. Tins interest is summarized in 
Vogelstei n . Addit a >nai I y . Appel lant submitted during pj oseention an IDS listing four 

i lating lo MDM2 j h< 149 porn <• ttsly suhmia md i i 
record and included in Evidence Appendix ). However, there was absolutely no disclosure or 
suggestion of the genomic organization of MDM2 genomic DNA until the instant application 
was filed. An independent disclosure of the genomic organization of the human Ml )M2 gene 
was not available until July 21,2004, more than one year after the filing date of the instant 
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application (see Liang et al„ 21)04, Gene 33^:217-223, previously made of record in the 
Supplemental Appeal Brief submitted March 2, 2008}. 1 he dearth of knowledge regarding 
the human MDM2 gene was actually admitted to by Liang et ah on the first page of his article 
where it was stated "Although the human MDM2 cDNA sequence has been reported, the 
genomic organization oi the human gene has not been documented". Further, Liang et al, 
discussed the usefulness of determining the genomic structure and organization of the human 
MDM2 gene on page 218: 



transcripts and proteins have been found in tumour samples and 
cell hues by a number of groups (citations omitted ) in our 
previous studies, five alternatively sized transcripts of the 
human MD.M2 were found in human ovarian tumour, bladder 

tumour and leokaemic cell samples (citation omitted) Here 

we present data demonstrating two further MDM2 transcript 
forms with internal sequence deletions in human tumour tissue. 
We "Hypothesised that these transcripts are generated by 
alternative .splicing. To test this hypothesis and to explore the 
associated mechanisms, we havt' investigated the genomic 
structure and organization of the human MDM2 gene . . . 
it is well established ease law that secondary considerations such as commercial 
success, long felt need, unexpected results must be considered before making an obviousness 
determinations (see, for e.s ample , Shru icelton v J Kaufman Iron Works, Inc., 689 F.2d 334, 
(Fed Or 1982) and Ontoffv Culsby Engineering, 884 F2d 1399, 2 USPQ2d 1 335 (Fed. Cir. 
1989), rehg denied Sept. 1989). 



One of the distinctive j 
an extremely complex 



Mi )M2 is the possession 
attern. Its multiple-sized 
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CLAIMS APPENDIX 



7. An isolated nucleic acid molecule 20-51039 contiguous nucleotides in length consisting of a 
reverse or forward strand of a region of SEQ ID NO:4, wherein said region is selected from the 
group consisting of a S'-non coding region depicted in nucleotides 5 1039-41739 of SEQ ID 
NO:4,a .V-non-coding region depicted in nucleotides 9503-1 of SEQ ID NO:4. a contiguous 
intron-exon region between nucleotides 41738-9502 of SEQ ID NO:4, wherein a sequence 
segment comprising 41738-9502 of SEQ ID NO:4 encodes human mouse double minute 2 
hornoJog depicted in SEQ ID NO. 2. a contiguous exon-intron region between nucleotide 41738- 
9502 of SEQ ID NO:4, wherein a sequence segment comprising 41738-9502 of SEQ ID NO:4 
eneodes human mouse double minute 2 homolog depicted m SEQ ID NO: 2. an nitron depicted in 
nucleotides 36385-40645, 36309-33 1 27, 32994-29616, 29564-25577, 25507-25384, 25287- 
21169, 21006-14110, 13953-13267, and/or 13188-10665, a region comprising a ^nucleotide of 
the following group: 41739-41738,40645-40646,36309-36310, 36384-36385, 32994-32995, 
33126-33127,29564-29565,29615-29616,25507-25508,25287-25288,25383-25384,25576- 
25577.21006-21007,21168-21169, 14109-14110. 13953-13954, 13266-13267, 13.188-13189, 
10664-10665 and/or 951*4-9503; a transcription binding site selected from the group consisting 
of 

BINDING SITES lwMDM2, location la SEQ ID NO:4 

AP1_C: 36-46,2876-2886; 
AP4_Q5: 7944-7930; 
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AP4 Q6; 



7943-59, 8924.8940. 9294-9310; 



CDPCR3HDJM: 



1682-1706, 2193-221", 9201-9225; 



1040-4 058, 7803-7821; 



1424-143*. VJ17.WI,417*-M2. 47S7-4S0I . 6-S55-f>869; 



DI LTAEI 01 



83-95, 6328-634(1; 



2757-2773. 5 f 54-5 J70 f 5823-5839; 



4846-4«58. ?0i?-7029; 



6045-6057, »0"?3-60S5. 6142-0154; 



2489-25( * 7393.7405 



3264-3276, 6*70-68*2: 



40-52, 5729-5741. 6529-6541, 6874-6886, 7043-7053. 7589-7601; 



349-7361, Si 88-8200; 



1743-1759, 7995-8011; 



502-5 18.1 739- i 755. 41 80-4 i 76, 9402-94 1 8. 9415-9434: 



951-963, 35884VhX>; 



1202-1210, } 447-1455, 4997-4005. 5424-5432; 



NF1„Q6: 



1 480- 1 500. 8166-8182; 



419t)-4208, 6009-6027; 



HKX25JM: 741-755, 1048-1602, 3K85-1899. 1984-3998, 3609-3623. 4928-4943. 

5060-5074, 5889-5903, 5850-8864, 9190-9204; 



2584-2599, 2970-2984. 4644-4658, 5 1 79- ? 1 9.3, 6482-6496; 



220-238, 263R-2656; 



S8JH; 4644-4656 45*42-4854. 4*45-4857 5200-52*2 5371-5.^3.5718-5747 

6482-6494, 6541 -655?, 6544-6556, 6772-6784. 7270-7292, 7273-7285; 



8OX5_01: 
4789-4805; 



3.355-1? 7 1. 1430-1446, 3094-5 13.0, 1 55-3 17 1 . 4669-4685. 4692-4708, 



4164-418(6 5665-5681; 



TATA_01: 
4206-4222: 



1261-1277. 2574-2590, 2723-2739, 2735-2749. 2776-2786, 4599-4235, 



? 66-5916 7456-7472 7702-77 1R 7917-7933 md 



7702-721 8. 7017.793V . 



a transcription binding sile selected from the group consisting of 



BINDll > Sill ! SniMl M? location it! SBTHD NO:4 



APLC: i 2 3 09- 12119, i 2695- f 2705 . 22600-226 i 0. 24 ! 66-24 1 76. 31 3 i 1-3! 32! , 35234- 

35244, 39 184-39 194; 



APLQ2: 1 1952-11962, J 2068-1 207 8, 14798-14808, 21748-21758. 22613-22623, 23676- 

23686, 26562-26572, 30046-30056; 



12695-12705, 51311-51321. 35234-35244. 3(>29:'-3630:3 38784-38794. 39188- 



BRN2 J)f : 13448-1 3466, 14764-14782, 28094-28 i 12, 4O027-4O045; 

CAAT 01: 1 1288-1 1302, 15054-15068; 

CDPCR3HD.pl; 11286-1 1304, 13284-13302, 20846-20804, 29344-29362; 

CEBPBJH: 29241-29255; 

CREL_01: 36091-36103, 38873-38885; 

DELTAEF IJH : 18083-18095, 20385-20397, 26955-26967; 

FREAC7JH: ! 1982- 1 1998, IS 187-15202, 16523-16539, 16529-16545. 16587-16603, [6604- 

16620, 16676.16642, 36633-36649, 16644-16660, 16650-16666. 16657-16673, 36673-16689, 16762- 
16778, 23332-21348, 25689-25700. 26529-26545. 27767-27783. 29495-2951 1 ; 

GAT A t 02: 10936-10928, 35775-15789, 18162-18174, 26088-26100, 32518-32530; 



GATA1..03; 



28012-28024; 



GATAI..04: 11153-11165, 11630-11642. 13778-13790, 17439-17451. 19300-19312. 23606- 

21618. 22743-22755, 23747-23759, 25806-25818. 26529-26541, 29424-29436, 30455-30467, 32761- 
32778, 33352-33364, 33960-33972, 36101-361 13,40007-40019; 

G ATA1 J)5: 1 1590- 1 1 602, 26550-26562, 36737-36749; 

GATA 1 06: 18772-18784, 23054-23066, 35568-35580, 37S55-37S67; 

GATA2..02: 20755-20767, 30830-30842, 34755-34767, 36285-36297. 39143-391.55, 39641,- 

39653, 40586-40598; 

GATA2JB: 13535-13547, 22711-22723, 23161-23173, 25028-25040, 27237-27249, 36277- 

36289; 

GATA3J32: 11558-11570, 16470-16482, 17225-17237, 19619- 19631. 22156-22168, 22443- 

22455. 24713-24725, 2761 9-2763 L 32716-32728. 34124-34136. 34163-34175, 36832-36844, 38403- 
38415; 

GATA303: 10869-10881, 11515-11527, 13845-13857, 17223-17233, 18952-18964, 20050- 

20062, 40171-40183; 

GATAjC: 35848-35860, 18899-18911, 23640-23652, 29072-29084, 30881-30893, 33398- 

33210, 37472-37484, 38621-38633: 
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GPU. 01: 



35469-3548 1,35492-35504; 



BFH2...01: (5939-15955, 24636-24652, 25866-25882, 32171-32187, 35372-35388. 39457- 
35473; 

HFH3.pl: 13340-13356, 19218-19234, 21328-21344, 21336-21352, 21344-21360, 28062- 
28078, 32 125-32 141; 

HF.H8..0 1 : 14 i 33-14 1 49, 22578-22584; 

HNF3B. 01 : 13150-13166, 16505-1652 1, 25264-25280, 29443-29459, 37654-37670; 

IK2.JN : 1 1 547-1 1 559, 1 7144-171 56. 1 8961 -t 8973, 23883-23895, 27617-27629, 28908- 
28920, 29241-29253, 30752-30764, 34768-34780; 

LYF : 123 19-12331, 19 1 91-1 9203, 37226-37238, 39430-39442; 

MAX. 01 : 22974-22986, 33339-33351 ; 

MZF1...0S: 26105-261 13, 35187-35195; 

NF1„Q6; 12048-12064, 33334-33354; 

"NFAT..Q6: 13295-13333, 141 57- 14175, 14311-14329, 14414-14432, 18269-38287. 19326- 

19344, 20801-20819, 21177-21195, 2253 -22555, 23863.-23879, 25392-25410, 25879-2589?, 27524- 
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27542, 30636-30654, 30718-30736, 31525-31543. 33655-33673, 34726-34744, 34917-34535, 34990- 
35008, 35979-35997, 36479-36493, 36577-36595, 37154-37172, 40224-40242, 40365-40383; 

NKX25JH: 12041-12055, 12340-12354, 12471-12485, 12742-12756, 12877-12891. 13849- 

13863. 18995-19009, 21440-21454, 21883-21897, 28426-28440, 30964-30978, 32033-32047, 32265- 
32279; 

NKX25J12: 10998-11012, 12711-12725, 14131-14145, 14720-14740, 10024-16038; 

NMYC .01 : 18753-18705, 18754-18706, 23076-23088, 30534-30546, 34400-34412; 

RORAI.. 01 : 1 3 1 34-1 3 152, 22966-22084, 24034-24952, 33341-33359, 34760-34778; 

S8.01: 11000-11012, 11977-11989, 12048-12060, 12051-12063, 13747-13759, 13923- 

13935, 13926-13938, 14676-14688, 14679-14691, 16026-16038, 16313-16325, 10310-16328, 17515- 
17527, 20756-20768, 20759-2077], 23154-23166, 23157-23169, 25198-25210, 25201-25213, 26651- 
26663, 27508-27520, 27511-27523. 29450-29462, 29478-28490, 29775-29787, 29778-29790, 29813- 
29825, 29816-29828. 31329-31341, 31677-31689, 31680-31692. 31732-31744, 31735-31747, 36137- 
36149. 36140-36152, 36812-36824, 36815-36827. 37413-37425. 38679-38691, 39474-39486, 39477- 
39489; 

SOX 5 J)!: 27397-27413, 27572-27588, 28100-281 16, 29230-29246, 29439-29455, 30690- 

30706, 31595-3361 1, 33871-33887, 34113-34129, 34624-34640, 37668-37684, 38582-38598, 39124- 
39140, 40410-40426; 

SHY .02; 200(6-20032, 22410-22426, 27329-27345. 29162-29178. 29499-29515, 30646- 
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30662, 3 1 503-3 i 5 3 9. 35928-35944. 57324-37340; 

TATA J) J: 32722-32738, 32729-32745, 32807-32823, 33825-3384 L 34120-34336. 35433- 

35449, 36593-36609; 

TA.TA_C: 1 1015-1 1031, 1 (817-1 JS33, 13635-1365}, 14930-14946; 

TCF1 1 J)l: 18543- i 8549, 22574-22580, 31281-31297, 31489-31505, 38754-38770: 

USF_01: 23075-23087, 32577-32589; 

VMYB...02: 1 1526-1 1538, 17384-17396, 18400-18412, 19549-19561. 22188-22200, 40486- 

40508 and 

XFD2JH: 16620-16636. 18153-18169,22102-22118, 23141-23157. 

And a transcription binding site selected from the group consisting of 
BINDING SITES 

htiMDM2, 1 location in SEQ ID MO:4 

AP1_C: 44584-44594,49069-49079: 

AP l_Q2: 42174-42184, 45217-45227, 48422-48422, 50447-50457; 
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42702-42712, 50806-50816; 

423 17-42333, 423 18-42134, 42244-42260, 45432-45448: 45433-45449, 46609- 
46625: 

423 1 0-42328, 44022-44040, 475 1 4-47532, 48900-489 1 8, 48967-48985; 
44866-44880; 

4567 ! -45689, 49219-49237; 
42437-42449, 49797-49809; 
47026-47042, 47292-47308, 47658-47674; 
43482-43494, 48926-48938, 49284-49296: 
47371-47383; 

43054-43066. 43162-43162, 43967-43979, 45464-45476. 45916-45928, 47763- 
47775: 

493 19-49331 , 49459-49471 ; 
47590-47602; 
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GATA2 02; 42660-42672, 43475-43487; 



GATA2JB: 43714-43726, 50948-50960; 



40155-40167, 49*44-40*56; 



42202-42214. 448 i 0-44822, 48438-48450, 49 1 36-49 148, 49357-49349. 49869- 
49881; 



4401 1-44023, 45256-45268, 45823-45835. 47915-47927. 40201-49213. 49573- 
49585; 



46606-4661*. 470M-4707S; 



47030-47046, 47284-47300. 4728K-47304; 



44564-44576 U >') -45 KB 19567-49579; 



43234-43246, 48720-48738; 



4 1772-4! 780., 42290-42298, 42295-42303. 44507-44515, 45105-45113. 45203- 
4523 L 49948-49956, 50774-50782; 
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NFAT_Q6; 42061-42079, 44418-44436, 46399-46417, 47974-47992. 49267-49285, 49964- 

49982, 50392-50410: 



42394-42408, 43507-4352 1,4613 5-46129; 



45073-45091. 487 I 8-48736: 



43552-43564., 45214-45226. 47160-47172, 48419-48431, 49295-49307., 5(3379- 
5039!; 



43716-43732, 46551-46367, 47159-47172. 47774-47790. 47868-478S4, 
47974-47990, 48915-4893 J , 50323-50339; 



4558SM5604, 47625-47641, 48626-48042. 48659-48675, 49056-49072. 49079- 
49095,49152-49168; 



12t i-1 C2 12 9 1229 j 14651-4466?; and 



42870-42886. 42910-42926. 
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10. A composi t ion comprising the nucleic acid molecule of claim 7 and a carrier. 

15. A kit comprising the nucleic acid molecule of claim 7. 

16. The kit according to claim 1.5, in which the nucleic acid molecule is labeled with a 
detectable substance . 

17. A solid support comprising the nucleic acid molecule of claim 7. 

1 H. The solid support of claim 1 7 wherein said support is a mieroarray. 

20. The solid support of claim 18, which further comprises a nucleic acid molecule encoding 
human mouse double minute 2 homolog, complementary sequence thereof or a portion of 
sard nucleic acid molecule containing at least 20 contiguous nucleotides. 

22. A method of identifying variants ot S.f'.Q ID NO:4, or its complementary sequence, 
comprising 

isolating genomic DNA from a subject and determining tire presence or absence of a variant 
in said genomic DNA using the nucleic acid molecule of claim 7. 

23. A method for detecting the presence or absence of SP.Q ID NO:4 or its complementary 
sequence in a sample, said method comprising la) contacting the sample with the nucleic acid 
molecule of claim 7 and (b) determining whether She nucleic acid molecule binds to said 



38 



nucleic acid sequence in the sample. 

24 . An Isolated nucleic acid molecule 20-5000 contiguous nucleotides in length consisting of 
a reverse or forward strand of a contiguous exondntron region between nucleotides 41738-9502 
of SBQ ID NO:4, or contiguous imron-exon region between nucleotides 41738-9502 of SEQ ID 
NO: 4, wherein a sequence segment comprising 41 738-9502 of SEQ ID MO: 4 encodes human 
moose double minute 2 homoiog depicted in SEQ I'D NO:2. 

25. The isolated nucleic acid molecule of claim 24, wherein said nucleic acid molecule is 20- 
5000 contiguous nucleotides m length and comprises nucleotides 41739-41 738. 40645-40646, 
36309-36310, 36384-36385, 32994-32995, 33126-331.27,29564-29565, 29615-29616, 25507- 
25508 , 25287-25288 , 25383-25384, 25576-25577 , 2 1 006-2 1007 , 2 1 168-2 11 69, 1 395 3-1 3954 , 
14109-541 10, 13188-13189, 13266-13267, 10664-10665 and/or 9504-9503 of SEQ ID NO:4 or 
their reverse strands. 

30. A microarnty comprising a plurality of the nucleic acid molecules of claim 7. 

31. The nucroarruy of claim 30 wherein said mieroarnw further comprises a nucleic acid 
molecule encoding human mouse double minute 2 homoiog, complementary sequence thereof or 
a portion of said nucleie acid molecule containing at least 20 contiguous nucleotides. 

32. A method for detecting the presence of a nucleic acid sequence of SEQ ID NO 4 or its 
complementary sequence in a sample, said method comprising contac i.ple w tth the 
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nucleic acid molecule of claim 7 and determining whether the nucleic acid molecule binds to 
said nucleic acid sequence in the sample. 
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EVIDENCE APPENDIX 



1 . Muzay et at (description of sequence of AC025423 made of record by Examiner) 
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6. Bureau, 1995, Genomics 28: 109-112 submitted with amendment dated August 25, 2005 

7. information Disclosure Statement submitted March L 2005 (and references submitted) 

8. Liang et al. submitted w ith Appeal Brief dated March 2, 2008 

9. Wong et al, 2000, Genome Research 10: 1672-1678 
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NCBI. Sequence Viewer 



Page 1 of 55 



• ■ 

-"Nucleotide 



Search jNticieotfde JH for} 

Limits Preview "-'dt\ H i-: 

^Jj= 3 sh. 17* 3 jc^- .(mT— 3 

r 1: AC02S 4 23. Repotte Homo sapiens 12 B...[gi: 14578057] 




ACCESSION 
VERSION 
KEYWORDS 
SOURCE 
ORGANISI* 



AC025423 
Homo sapiens 
BAC Library? 
AC025423 
AC025423.32 
HTG. 



150575 bp DNA linear PR I 2 3 -,7AM -2003 

: RP11-61102 (Roswell Park Cancer Institute- Human 
,te sequence. 



Gil 14578057 



Vertebra ta ; Euteleostomi ? 
Horoi .nidaef Homo. 



lukaryota; "Metazoaf Chorda ta; Crania ta; 
Mammalia; Eutheria; Primates; Cstarrhin 
1 (bases i to 15057»j 

Muzny.D.M., Adams, C, Adi ,'>■■ Oemc la , B . , Ali~osman, E.R., Alien, l.., 
Alsbrooks.S.L., Aittaratunge,H.C. , Are. J.R., Banks,?., Barfaarra, J . , 
Benton, .3 . , Bimage.K., Blanker, burg, K. , Bonnin,D., Bouck,J., 
Bowie, 3., Briava,M. , Brown, £., Brown, M. , Bryant, N. P. , Buh«y,C, 
Burch,P., 8urkett,C, Burrell,K.L., Byrd.N.C, Catron,?. P. , 
Carter, M., Cavazes,S.R. , cliaeko.J., Chavez, D., Chen, 6., Chen, P.. , 
Chen, Z. , Chiu,0., ChPWdhry, X . , Christopouios, C. , Cleveland, C. 0. , 
Cox,C, CoyIe,M.D., Dathorne, S.R. , David, R., Davila,M.L. , Davis, C. 
Davy Carroll, L., Dederioh, D.A. , Deianey, K. R . , Delgado, 0 . , 
D@nn,A.L., Ding,Y. f Dinh,K.K., Douthwaite, K. J. , Draper, H. , 
Dug«n-Roeha,S., Durbin.K.J,, Earabart.C, Edgar, 0., Edwards, CO, , 
Elhaj.C Emeriing,s., Sscotto,M., Falls, Eerraguto, D- , 
Flagg.N., Ford, J., Foster,?-, Franfcz,?., Gabisi,A., Gao,J., 
Garcia, A., ©amer, T. , Garza, M. , Sill,R., Gorreil, J.K. , Guevara, w., 
Gunatatne,?., Hale, 3., Hamilton, K. , Han, J., Harris, C, Harris, K., 
Hart.M., Havlak.P., Kawes,A., Hernandez, J. , Hernandez, o . , 
H .. an, A. , Hogues,M., Holioway,C, Rollins, B., Homsi,F., 
Howard, S., Huber,J.. Huiyk,S., Hume, J,, loshikhes, X. , Jackson,!,, E. 
,Tacofcson,3. , Jia,Y., Johnson, R. ,. Jolivet, S. , Joudah,S., 
Karlsson.E., Kelly, s., Khan,U., King, I,., Korvah, J, , Kovar,C. ( 
Ktatovi e , J . , Xuieshi , A. , Landry, N., Leal, 8., Lee, B - , Lewis, T..,C. , 
Lewis,!,., Li, J., Li,?,., tichtarge.O., Ueu.C, Liu, J., Liu,W, , 
Loulseged.K., Lozado,R. J. , Lu,X., Lucier, A. , Lucier,R., Luna,R., 
Ma, J., Maheshwari,M., Mapua,?., Ma rondel, I., Martin," 
Martindale , A. , Martinez, E . , Massey, E . , Mawhiney, E - , 
Meador,M., Mei,G., Kerscher,S., Metzke'r.M. , Miller, J 
Miner, 2. •> Mitchell, T. , Mohabhat, K. , Kontgomery,K.T. , 
Morris, S., Moser,M., Neal,0., Ne; 
Nguyen, A. , Nguyen, U . , Nguyen, H . , 
Oguh,M. , Okwnonu,G., Oragunye.M-, 

Beery, ,7., Perez,!,., Peters,!.,, Pickens, R . , Primus, E., vvl.u.u., 
0uiles,M. , Ren,Y., Rives, M<, Rojas f A., Rojubokan, I . , Roife,M., 
Ruiz,S,, Savery, G. , Scheier,S., Scott, G. , Shen.H., shim.C, 
Shooshtari,N. , Sisson,!., Bode rg ran, E . , Sonaike.T., Sparks, A. , 
Stanley, H., Stone, R. , Sutton, A., Svatek,A. ( Tabor, P. , Tameriaa, A. , 
Tamerisa.K., Tang,H. f Tansey,J., Taylor, Taylor, T. , Tel£rod,B., 
Thomas, N,, Thomas, S., Usjaani.K,, Vasquez,b., Vera,V., Viiialon.D., 
Vinson, R., Wall,R-, Wang.S., Ward-Moore, S . , barren, R., 



.od.M.P. , 



Wickexson, i 
Oviedo, R . ; 
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TITLE 
JOURNAL 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



REFERENCE 
.AUTHORS 
TITLE 
JOURNAL 



Washington, C. , Watlington, S . , Williams, G. , Williamson, A. , 
Wieczyfc,R., Wooden, 3., Worley.K., Wu,C, Wu,i\, Wu,¥.F., Zhou, J., 
Sorrilia, S . , Kueherlapati, R. , Wein stock, G. and Gibbs,R. 
Di rect Submission 
Unpublished 

2 (bases 1 to 150579} 
Wcrley,K.C. 

Direct' SubjK.is.-5 ion 

Submitted (O9-MAR-20O0) Human Genome Sequencing Center, Department 
of Molecular and Human Genetics, Baylor College of Medicine, One 
Baylor Plaza, Houston, TX 77030, USA 

3 {bases i to 150579} 
Worley,K.C. 

Direct submission 

Submitted 1 30-JUii'-2it01) Human Genome Sequencing Center, Department 
of Molecular and Human Genetics, Baylor College of Medicine, One 
Baylor Plaza, Houston, TX 77030, USA 

4 (bases 1 to 150573} 
Werley, K . C . 

Direct Submission 

Submitted (30-SE? -20C2 ) Human Genome Sequencing Center, Department 
of Molecular and Human Genetics, Baylor College of Medicine, One 
Baylor Plaza, Houston, TX 77030, USA 

5 (bases 1 to 150579) 
Worley, K.C. 

Direct Submission 

Submitted (23~JAtJ~20O3) Human Genome Sequencing Center, Department 
of Molecular and Human Genetics, Savior College of Medicine, One 
Baylor Plasa, Houston, TX 77030, USA 

On Oun 30, 2091 this sequence version replaced qi; 14575757 . 
'flfitf }r ft " N i jr m I i i n i/ < f 

gc-helpSbcm. tmc.edu 

CLONE LENGTH ; This sequence does not necessarily represent the 
entire insert of this clone. Overlapping regions of clones are only 
sequenced and submitted once, so the sequence tot the remainder of 
the insert may be found in the record for the adjacent clones. 
Overlapping clones are noted at the beginning and end of the 
features listing. 

ANNOTATION OF FEATURES: 

STS* are identified using ePCR {Genome Res. ?; 541-550) searches 
of a local database that includes entries from dbSTS, GDS , and 
local mapping efforts. 

Repeats are identified using HepeatMasker (A. Smit and t\ Green, 
unpublished. ) for Human and Mouse sequences . 

Genes and Region of sequence similarity are identified by BLAST 
(Muc. Acids Res. 25:3389-3402} similarity {expect. < le-34} to the 
SST and cDNA sequences. Genes demonstrate at least two axons 
flanked by consensu;? splice sites that maintained sequence 
continuity across the splice Junctions. Sequences that are not 
identical matchers are annotated as .■similar. 



SEQUENCING READ COVERAGE : Sequencing is completed to a minimum 
standard of double strand coverage with a minimum cf 2 clones and 2 
reads with no ambiguities or 2 chemistries with a minimum of 2 
clones and 3 reads with no ambiguities. If the sequence quality for 
a region does not meet this standard, it wi.il be indicated is the 
annotation as Low Coverage. 
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QUALITY Gf I ND1VJ I j - at q aUty 

quality are listed below. Description of tha metrics can be found 
at URL ; 

1 t-tf i r-n tir , [ , < n n - m 

QUAL S T.AT - RE PORT . 

• 1.. 150579 

/o r gani "Homo s apiens " 
/mo l_t ype*" gen omie CNR" 

y chroma .« cme* " .1. 2 " 
/ e lane- " R E"! 1 - £ 1102 " 



SI 

repeat . region 
ese it _rea;i - i 

i -i>< ii-jt : i 

J }t .•^•'ii''"*. 
v • ' ..region 



xtj£-e.*z region 



ft 



. . 193S 



varlaps bases 96763.. 98760 of clone AC13374S" 
: ever lap" 



(84. .376} 
^"AXuJb" 
112. .380 

/standard name-" 1638 87" 
cajolement (395 . . 526} 



/rpt family^ 
complement (.1 
/rp^fanu.ly- 
2353. .3314 
/rpt_£ajnily= 
3319. .3635 



4 06? 



_fami.lv 
. .4746" 



'AluJfo" 
157. .2163} 
'AluSx" 

'MEM --internal" 
'AluJo" 



/rpt_£i 
4779. . 5068 
/ rpt_f amily~"Al«Jo" 
5.150. ,5231 
/rpt_fami.ly="l<2" 
complement (6105. . 6362) 
/rpt_f*mily«"MXR« 
6808. .6S3G 
/ rpt_f «mily~"L2 " 
7845. .8088 
/ rpt_f amily="AlmJb" 
8083. ,8114 

/rpt family^" (CftAA.) n" 

8274. . 8307 

/rpt family^" <CAln" 

8371T.8654 

/rpt famtiy^UHBa* 

902f77s33S 

/ rp t_ f ami 1 y« H L 1MC2 " 

9346. .3439 

/rpt_f<»mi.l r -"A-rich'> 

9443. .9666 

/ rpt_£aiKiiy» B LlMl " 

9973. .10073 

/ rpt_f a3Ri.ly^"I,TR37B" 

10074. .10257 

/rpt famiiy=" <TA) n" 
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re n ' l! 








region 


repeat 


re - i ■■- 






:e i • -i 


.repeat 


region 


repeat 




repeat 




- x - A 


■ i •) 


* c i " - r 


region 


; ■ if 


region 


,_.■[ t_r:< a.ioii 




_ ; i t 


• il 


i-aq ion 




region 


reoeat 


re i . >i 




-.a 


- ;•■ 't 


reqion 


repeat 


reqicxi 




region 




reai on 


repeat: 


region 


repeat rog ' 


repeat 


_iaaiia9'- 


rero&gt. 




r>:re;i t 








repeat 





10289. .10653 
/rpt_£a!uiIy="<TA>n" 
10666.. 10823 
/rpt_family="LTR37B" 
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FIG. 18(2) 
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FIG. IC(2) 
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Iran f. .rming a ;tivity in cooperation with ras. Tuck and 
i .-v.ne Res 4 ?i-96. 
Hinds et al. supra also expressed human p53 protein in 
trarisfonned rat cells When the expressed human p53 
This apph i ijart. f U^ p ^ w ! i , f f t f cifk anttbod 

plication Ser- No. 07/867,840, ftied on Apr. 7, 1992, ies directed against distinct epitopes of p53 , an amdeofr 
which is now abandoned. fled M, 90,000 protein was coimrmmoprecipitated. This 

_ nr . „„ „„™ suggested that the rat M, 90,000 protein is in a complex 

FIELD OF THE INVENTIONS th ti ,„ , , , , „ , , ,, t 

The invention reflates to the area of cancer diagnos- H> Soe- 

tics and therapeutics. More particularlv, the invention As mentioned above, levels of p53 protein are often 

relates to the detection of a gene which is amplified in higher > n transformed ceils than normal cells. This is 

certain human tumors due to mutations which increase its metabolic stability 
(Ovea et at, 3981, Moi. Ceil. Biol. 1:101-1 1ft Reich et 

BACKGROUND OF THE INVENTION w »}., (tM & Mol. Cell. Biol. 12143-2150). The stabiifea- 

According to the K.autfson model for tumorigenesis tion of p53 tm been assocr rt el with < mplext rtr Mi 

(Cancer Research, 1985, vol. 45, p. 1482), there are between P« and viral or cellular proteins. (Lmzcr and 

tumor suppressor genes in all normal ceils which, when L<fvme > <-^ 1 17:43-52; Crawford et al, 1981, 

they become non -functional due to mutation, cause Acad. So. USA 78.4i.-45; DippoW « «!., 

ieopl pment Evid i is m i > F> d. Set. L-bA ;8:1 * 1 

been found in cases of retinoblastoma and colorectal ^wford. W'* N» 

. , • me implicated suppressor genes in these tu- Hmds et al„ 1987, Mol. CeU. Biol 7.2863-2869; Finlay 

mors, RB and p53 respectively, werffound to be de- «- » "»* * ft 

feted or altered in many of the tumors studied. „ ^2, t -e l. 2 . * ■ 94; Orono^jskt « at 19S4 Mol. 

The P 51 gene product, therefoje. appear* to be a 25 <^»- Btol. 4:442^8; Pmhasi-KtKiht et. at, 1915S, Naturfl 

cellular proliferation and suppression of cellular tr«s ' < >^ t^' 

forinatto » M p53 gene have been United B,a! ' 4:2 i S ,^ ^V** 5 Smrzbecher et at. 1987, Onco- 

to tumarigenesi* suggesting ^alterations in p53 pro- „ ^^t^J^J**™^^ ^ 



The inacttvatton of the p53 gene has been implicated in 
the genesis or progression of a wide variety of carctoo- 



the SV40 large T antigen, the adenovirus type 5 EiB- 
M r 55,000 protein, and the human papilloma virus type 
16 or 18 E6 product. Linxer and Leviae, 1979, Cell 



Z^ZV^-^^'T'^ i^ane and Crawford 1979. Nature, 

hut < vre, Ltf, hii. e « i- J7«:261-2< Samowel 198 C 387-394: V 

^244ai,-22^h»^^o^aa^htetal., ne , H t , , ^ 

* 4 ? »*• ^"a*. m Lancet p! „es have been observed ol ?10^' " 

" ; \' I '* ^" nov '! r" ' %, .^ e{ ^° retinoblastoma suscepttbility ge«e> with T antigen <:»e- 

et al, 1989, Proc. Nad. Acad Sc, USA K6:67 8 3-6787) c rfo « a? < Jm J <V lf 54:275- ?^>. the a ,« . , 

and osteogenic ^omas (Masuda et . «L. 1987. Proc. ^ FTA rr „ , (wv t af . „ 8g> Nalut , 

Natl. Acad. Set. USA wr-.i- , 19) Sf , 

here e* sts an enormous body of evidence (ma&& e . , v ^ 59g9i EMBO y. 8 . 4 . , , 

linking p53 gene mutations to human tnmongenesis b, ;etJ suggested the; interactions between these viral 

Otolistein et al,. 1991, Science 253 f9 ttlei nown ?rotetai and pl05 «» it>S c«vate a growth-suppressive 

*- 1 ■ 1 ! ' 11 r ^» 5 * tof » stnd ^^ors of pS3 function. 45 function ofp!05«*. mimicking deietions and mutations 

IW* ,5. (Cell Growth & Differentiation, 1990, commonly found in She KB gene in tumor celts In a 

1.571-580), found that p53 cONA clones, containing a similar fashion, oliaomeric protein comple* formaikm 

point mutation at amino acid residue 143, 175, 273 or between these viral proteins and p53 mav eiuninate or 

281, cooperated with the activated ras oncogene to after the function of p53. Finlay et a!.. 1989, Cell 

transform primary rat embryo fibroblasts in culture, 5,, 37 ; i0S3-lO93. 

H em tar , 5 s S i»es are representative of the major- ' Faiharradeh et al. (UMBO J. 1991, 10J565-1569) 
ity ot mutations found in human cancer. Hollstein et al., analvied amplified DNA sequences present in a turaori- 
1991, Science 253:49-53. The transformed fibroblasts gen jc mouse cell line (i.e., 3T3DM, a spontaneously 
were foand to produce elevated levels of human pS3 transformed derivative of mouse Balb/c cells). Studies 
protein havmg extended half-lives (1 5 to 7 hours) as 55 were conducted to determine whether any of the ampii- 
compared to the normal <wid-typc> P 53 protein (20 to fled genes induced mraorigenkrity following tetrodnc- 
30 minutes). tion of the amplified genes into a nontransformed recipi- 
Motant p53 proteins with mutations at residue 143 or «jt cell (e.g., mouse N1H3T3 or Rat2 celis). lite result- 
form an ol Hcpr mpiexwith 1 ell hi ted 1 > ; 
lar heat shock protein hsc70. While residue 273 or 281 60 mice. A gene d it MDM e amplified 
rontants do not detectably bind hscTO, and are poorer at more than 50-fold in 3T3DM cells, induced wimorige- 
producing transformed foci than tbe 175 mutant, com- nfcity when overespressed in NIH3T3 and Rat 2 ceils 
pie.', formation between mutant pS3 and hsc70 is not From the nucleotide and predicted amino acid $eq««ice 
required for p53-mediatcd trarsfonnatif"! Complex of mouse MDM AO* larzad 
formation does, however appei. to tacilitate this fu that tl gen ucodes a ti 4* X x rj , t 
tion. All cei! lines tr^ -' »m t-se mutant p53 that functions m the m^du'.. nofexp s^nofotber 
genes art- tumorigenic in athymic (nude) mice. In con- genes and, when present in excess, interferes with nor- 
trasi, the wild-type human p53 gene does not possess mal con traints on ■ ell growth. 
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, BicfBde clrectal carcinoma, fung cancer and chrome 

SUMMARY OF THE INVENTION myelogenous leukemia. 

It is at) object of the invantkitt to provide a method According to one embodiment of the invention, a 

for diagnosing <t wop! < » tch as sarcoma, in a -i.hu diag ng i , y«. tissue m a human ts 

human S provided. Tissue or body 0ui< s tt iron a human, 

It is another object of the invention to provide a and the copy number of human MDM2 genes is deter- 

cDNA molecule «tcodi< g tin 1 ieveJs of human 

MDM2, MDM2 gene products can be determined. These as- 

Yet another object of the invention ts to provide a elude protein and mRNA. 

preparation of human MDM2 protein which is substan- W Body fluids which may he testec mclude urtne, 

dally free of other human cellular protons. «™»> M°°f fees, salivn, and the ike. Tans sus- 

StiH another object of the invention ts to provide ^ •* ^ ' ! ^bbyj^parated from 

DNA probes capable of hybridizing with human ^»Pl^t««tot^m.^tetoe 

M DM2 genes ormRNA molecules. m by paraffin or cry, star sectomng or flew ^ometr^as 

Another object of the invention » to provide antibod- « « *~ *» » neoplastic from 

ies temnnoreLive with human MDM2 protein. nonneoplastic cells can "^J*"^^ 

Stiil another object of the invention is to provide kits «»» non-neopiamc ossue or any «°™*^J^* 

for dete^^on or elevated expression of ^^^^J^^^ 

me ff I-V iCal fl m IX^f h * T «ei « A* ceil contamfmore than the normal copy 

wsth the btndmg of human MDM* to human p53. gecomc. The various tech- 

A farther object of the mventton ts to prov.de a fttr detecting ^Jpftkttioa are well toe « i , 

method of treating a neoplastic human odi. ^ fe ^ ^ GeRe Mvuim ^ te determined, for 

It has no* «n d • > that hMDM.2, a hereto- ^pj. by Southern Mot analysis, as described in Ex- 
fore unknown human gene, plays a role in human can- ^ DNA {r(m a hunw tissue is 
c«r ltwhMI»M^ . i has been cloned and the rtwom- digested, separated, and transferred to a filter where it is 
biuant derived hM0M2 protein shown to bind to hybridized with a probe containing complementary 
human p53 in vitro. hMDM2 has been found to be am- Jf) nuc Jej C ac jds. Alternatively, quantitative polymerase 
t« 5 i " 1 P 1 * 1 « 1 J ! e N 1 cimm reaction <TCR> employing primers can be used to 
hMDM2-eucoded products ha b, n I f tmitte gene amplification Appropriate primers will 
spondingl y elevated to tumors with amplification of this bujd to sequent that bracket human MDM2 coding 
gene. The elevated levels of MDM2 appear to sequester sequences. Other technique* for detenninmg gene copy 
p5.3 and allow the cell to escape from p53-regu!sied 3S nm^r & ale known in the art can be used without 
growth. limitation. 

m»ipp nfWTt tPTJON op thf DRAWINGS The gene product which is measured may be either 

BRIEF DESCRIPTION OF THE DRAW 1NOS ^ ^ ^ ^ 

FIG. 1A-C shows the cDNA sequence of human m increase in mRNA production or protein production 

MDM2. Jn this figure, human and mouse nucleotide and over that which is normally produced by non-cancer- 

amino acid sequences are compared, the mows* se- ous AHhougJi amplification has been observed in 

quence being shown only where it differs from the human sarcomas, other genetic alterations leading to 

coaespowfiag human sequence. eievated expression of MJ3M2 may be present tn these 

FIG. 2 shows that hMDM2 binds to p5S. or other tumors. Other tumors include those of lung. 

FIG. 3 illustrates the amplification of the hMDM2 45 Wmst, brain, colorectal bladder, pro ta ver, skin 

gene in sarcomas. and stomach. These, too, are contemplated by the pres- 

FIG. 4A-C illustrates hMDM2 expression. o,t invention. Non-cancerous cells for use in detenain- 

nB1 ,,„ En ^(tf-HimtrtK of THT ia S hase-ltne expresskvn levels can be obtained from 

DETAILED Dfc^JHPlWN OF THE ^ surrounding a tonor, from other humans or from 
jjNvumiv^ J0 f, ualat! ce |j jhj^ Aay increase can have diagnostic 

It is a discovery of the present invention that a gene value, bat generally the mRNA or protein expression 
exists which is amplified tn some human tumors. The will be elevated at least about 3-fold, 5-fold, and in some 
amplification of this gene, designated MDM2, is diag- eases up to about 100-fold over that found in non-can- 
nostic of neoplasia or the potential therefor. Detecting cetous cells. The particular technique employed the 
the elevated expression of human MDM2-encoded $s detecting mRNA or protein is not critical to the prac- 
products is also diagnostic of neoplasia or the potential lice of the invention. Increased production ofmRKA or 
t , it ,» «■ " n Over a third of the sarco- protein may be detected, for example, using the recb- 
snas surveyed, including the most common bone and niques of Northern blot analysts or Western blot analy- 
sed tissue forms, were found to have amplified hMDM2 sis, respectively, as described fit Example 4 or other 
sequences. Expression of bMDM2 was found to be 60 known techniques such as El ISA, immunopreciptta- 
correspondmgly elevated in tumors with the gene am- tion, RIA and the like. These techniques are also we!! 
pliflcation. known to the skilled artisan. 

Other genetic alterations leading to elevated hMDM2 According to another embodiment of the invention, 

expression may be involved in tumorigeaesis also, such nucleic acid probes or prime! .v »iv ietenraning of 

, a n xr n i «, r ^ m- <<■<*. eene Elevated 65 human MBM2 gene aatphfi ati m < t !e>ate4 expres- 

expression of WDM ' <>^-, "i 1 o K involved ia tumois ston of mRNA are i i d. Ti > e may yipnse 

other than vut >^ • >' a.->'ns; but not Limited to those rtbo- or deoxyribomu Iei< tcid and may c anta n the 

in which p53 ■. a has been implicated These entire human MDM2 coding sequence, a sequence com- 
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pleroewary thereto, or fragments thereof. A probe may ration technique known in the art may be employed, 

{ 1 f 1 . 1 ' J! i s if u c n i t , 

shown in FIG 1. Generally, probes or primer* will ration with an antibody specific for the unlabeled bind- 

contain at least about 14 , t * the kg partner. 

human sequence but may desirably contain about 40, SO 5 A eDN A molecule containing the coding sequence of 
or KM nucleotides. Prober are typically labelled with a hMDM2 can be used to produce probes and praners. Tn 
f t -ii x i pe, or th< ttkc to order addrao it can be expressed in cultured cells, such as E. 
diem east y detectabl 1 < ^' Preparations of hMDM2 protein substan- 
brtdize under stringent hybridization conditions. Under tatty free of other human proteins. The proteins pro- 
>< i iditi 1 will not Hbndizt. to mouse 10 duced can be purified, for example, with tmmuaoaf- 
MDM"* Tht prohes o* invention a*e <x»mpie*»en faiity techt , (sing t ntibodas t tubed above, 
tary to the hunaan MJDM2 gene. This means that they Kits are provided which contain the necessary res- 
share 100% identity with the human sequence, gents for determining gene copy number, such as probes 

hMDM2 protein can be produced, according to the or primers specific for the &MDM2 gene, as well as 

invention, substantially free of other human proteins. 15 written instructions. The instructions can provide cali- 

Provided with the DNA sequence, those of skit) in the bration curves to compare with the determined values, 

art can express the eDN A in a non-human eel! Lysates Kits are also provided to determine elevated expression 

of such ceils provide? proteins substantially free of other of mRNA containing probes) or hMDM?. protein 

human proteins. The lysates can be further purified, for (i.e., containing antibodto-. Instiu ions will allow the 

example, by immunoprecipitarion, coprecipitatkin with zo tester to determine whether the expression levels arc 

p5.3, or by affinity chromatography. elevated. Reaction vessels and auxiliary reagents such 

The antibodies of the invention are specifically reac- as ehromogens, buffers, enzymes, etc. may also be in- 

tive with bMDM2 protein. Preferably, they do not eluded in the kits. 

cross-react with MDM2 from other species. They can The human MDM2 gene has now been identified and 

be polyclonal or monoclonal, and can be raised against 25 cloned. Recombinant derived hMDM2 has been shown 

native hMDM2 or a hMDM2 fusion protein or syn- to bind to human p53. Moreover, it has been found that 

thetic peptide. The antibodies are specifically immuno- hMDM2 is amplified in some satcomas. The ampMca- 

reaenve with hMDM2 epitopes which are not present tton leads to a corresponding increase in MDM'2 gene 

on other human proteins. Some antibodies are reactive products. Such amplification is associated with the pro- 

with epitope* unique to human MDM2 and not present 30 cess of tumorigenesis. This discovery allows specific 

on the mouse homolog. The antibodies are useful to assays to be performed to assess the neoplastic or potcn- 

conventional analyses, such as Western blot analysts, ttaJ neoplastic status of a particular tissue. 

EL1SA and other itmnanological assays for the detec- The following examples are provided to exemplify 

tion of proteins. Techniques for raising aad purifying various aspects of the invention and are not intended to 

polyclonal antibodies are well known in the art, as are 35 limit the scope of the invention, 
techniques for preparing monoclonal antibodies. Arm- 

body binding can be determined by method* known m fcXAM**i.fc I 

the art, such as use of an enzyrae-labelted secondary To obtain human cONA clones, a cDNA library was 

antibody, stephylococca! protein A, and the like. screened with a murine MDM2 (raM33M2) cDNA 

According to another embodiment of the invention, 40 probe, A cDNA library was prepared by using 

interference with the expression of MDM2 provides a polyadenylafced UNA isolated from the human colonic 

therapeutic modality. The method can be applied in carcinoma ceil line CaO>2 as a template for the pro- 

vivo, in vitro, or ex vivo. For example, expression may duction of random hcxanier primed doable stranded 

be downregulated by administering triple-strand form- cDNA. Gubler and Hoffmann, 1983, Gene 25:263-268. 

ing or antisens* oligonucleotides which bind to the 45 The cDNA was ligated to adaptors and then to thc 

hMI>M2 gene or mRNA, respectively, and prevent lambda YES phage vector, packaged, and plated as 

transcription or translation. The oligonucleotides may described by Elledge et al. (Proc. Natl. Acad. Scj- USA 

interact with unprocessed pre-mRNA or processed 1991, 8S;1731~3735). The library was screened initially 

mRNA. Small molecules and pepudes which specifi- with a 3 2 P-labeIled (Feinberg and Vogeistein, 1983, 

cally inhibit MDM2 expression can also be used. Simi- 50 Anal. Biochem. 132:6-13) mM»M2 cDNA probe (n.u- 
rt i , >I ,i mhibit the binding of cleotides 259 to 1S0S (Fakharsadeh et a]„ 1991, EMBO 

MDM2 to p53 would be therapeutic by alleviating the I. 10:156S~1SI59)) and then rescreened withanhMDM2 

sequestration of p53. eDN A clone containing nucleotides 40 to 702. 

Such inhibitory molecules can be identified by Twelve clones were obtained, and one of the clones 

screening for interference of the hMDM2/p53 interac- 55 was used to obtain thirteen additional clones by re- 

tfon where one of the binding partners is bound to a screening the same library. In toiai., twenty-five clones 

solid support and the other partner is labeled. Antibod- were obtained, partially or totally sequenced, and 

ies specific for epitopes on hMDM.2 or p53 which are mapped. Sequence analjsis of the tv -. - 

involved in the binding interaction will interfere with revealed several cDNA forms indicative of alternative 

such binding. Solid supports which may be used include 60 splicing. The sequence shown in PIG. I is represent* 

any polymers which are known to bind proteins, The tiveof the most abundant class and was assembled from 

supper! may be in the form of a filter, column packing three clones: cl4-<> <nucl< <-r.it * I -''-i'M. i 89 (nucleotides 

matrix, beads, and the hke. Labeling, of protein i .tan be 467-1737), and c33 (nuck otides 39»-23 T2). The 3' end 

sotn •.•isbed accwding to any techaitjue known in the of the untranslated region has not yet been cloned to 

Radiolabels, enzyc befs. as r t ^ r i s • 

caa be used advantageously. Alterttativedy, both nucleotide 1. There was an oper -etd. < t exl id 

hMOM2 and pS3 may be in solution and bound mole- ing from the 5' end of the human cDNA sequence to 

cities separated from unbound subsequently. Any sepa- nucleotide 1784, Although the signal for translation 
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initiation could not be unambiguous!}- defined, the Although the predicted size of the protein generated 

ATG at nucleotide 312 w» considered the most likely from the construct was onh 55.2 fcd (extending from the 

K>sitk>n kn several reasons. First, the sequence similar- methjomnc at nucleotide 312 to nucleotide 17S4), in 

itv between HMDM2 and mMDM2 fellofrdramaticaHy vitro translated protein migrated at approximately 95 

upstream of nneteottde 3 12. This lack of conservation in 5 kUodaltoas. 

m otherwise highly conserved protein suggested that Ten jri of iysate cofltairiittg the three proteins 

the sequences upstream of the divergence may not code <b.Mr»A< ! p5 ' aid MCC), alone or mixed to pairs, were 

for protein. Second, an anchored polymerase chain incubated at 37* C. for IS minutes. One microgram (SO 

reaction (PCR) approach was employed in an effort to ^ of pS3 Abl Monoclonal antibody specific for the 

acquire additional upstream cDNA sequence. Ochman !0 c-tertnmus of pS3) or Ab2 (raonockwtal aatibodv spe- 

« «U ««5. In= ? CR Technology: Principles and Appli- clfic for lhc N-terminus of p53) (Oncogene Science), or 

cations for DNA Amplification {Erlich ed.) pp 5 ^ of rabbit serum containing MDM2 Ab (polyclonal 

105 -111 (Stock* {< enosofthePCR rabbt£ ^ti-hMDMI antibodies) or pretmmune rabbit 

deriwd clones were very strmlar <wi*m 3 bp) to the 5 scnjm (obtained from the rabbit which - r duced the 

ends of clones obtamed from i *e cDN A hbrary, sug- 1 5 humn Ab> _ w<s „ a^e^. The polyclonal 

gesung that the y end of the MPM s, q - « vho^r, rabbl , ajItibodies wefe fake<3 ag3kist an £ ^. pro . 

tn FIG. 1 amy represent the 5 end of the transenpt. hMDM2 glutathione frtnutvi ra* te o - 

Third, tn vuro translation of the sequence shovvn m ^ a ^ g ™* 3eo tides 390 to 83 . I the . ! 1. >M2 

FIG. 1 bag^ng w«h the r^thtomne encod^l by the * ^ { f ^ 

f'1f^ 12 ^J^^ ,Pro,M " »* deoxyeboiate, 1% NP40, ISO »M N'aCl, 

^t^t^ZT^ n^tide and ^^S^^^^^ 



amino acid sequences are compared The 



submitted for publication), or Blading Buffer (Ei-Defiy 



onl7= X.rcT^ from ZZZ - f > Nature Genetics, in pre.) were then added 



sequent*. Asterisks mark the 5' and 3' 25 *" d 11,0 dtowri «> >»eubate al 4 C. tor * 



boundaries of the previously published inMDM2 

cDNA Fakharzadeh et al.. 1991. EMBO J. i wo milligrams of protem A sepharcse wer< tdaed 

. > ( j-1569. Dashes indicate insertions. The mouse to each tube, and the tubes were rotated end-over-end 

and human amino acid sequences are compared from « *" C. for 1 hour. After pelleting and washing, the 

the putative translation start site at nucleotide 312 30 unmunoprcapjtates were subjected to S»S poiyacryla- 

through the conserved stop codon at nucleotide 17S4. mide gel electrophoresis and the dne 

Comparison of the human and mouse MOM2 coding graphed for 10 to 60 minutes in the presence of Enhance 

regions revealed significant conservation at the nucieo- (New England Nuclear) 

tide t'80.3%) and amino acid (SO.4%) levels. Although FIG 2 shows the co-precipitation of hMDM2 and 

hMOM2 and «MDM2 bore little similarity to other 35 pS3. The three buffers produced similar results, al- 

senes recorded in current databases, the two protons though the co-precipitation was less efficient in 

shared several motifs. These included a haste nuclear SNNTE buffer containing 0.SM NaO (FIG. 2, lanes S 

focalization signal fTanaka, 1990, FEBS Letters and 8) than in Binding Buffer containing 0.1 M NaC! 

271:4146) at codons 181 to 183, several casein kinase II (FIG. 2 lanes 6 and f). 

serine phosphorylation sites (Pinna, 1990, Biochem. et 40 i n vU ro translated hMI>M2, p53 and MCC proteins 

Biophys. Acta. 1054:267-284) at codons 166 to 169, 192 were nuscd as indicated above and incubated with p53 

to 195, 269 to 272. and 290 to 293, an acidic activation Abli 5,53 A )>2, hMDM2 Ab, or preimtnune serum, 

domain (Ptashne, 19SS, Nature 355;683~6S9) at codons Lanes 1, *. 7, 16 and 14 contain aliquots of the protein 

223 to 274, and two metal binding sites (Harrison, 1991, mixtures used for immwioprecipitatjon. The bands nut- 

Namre 353:715) at codons 305 to 322 and 461 to 47S, 45 ain slightlv faster than p45 are poiypepddes produced 

neither of wh.ch is highly related to known DNA bind- from m ^ translation initiation sites, 

ing domains. The protein kinase A domain noted in ^ hMDM2 protein was not immuaoprecipitated 

mMDM2 (Fakharzadeh et a!„ 1991, EMBO X with monoclottal arttibome« to either the C-termiaal or 

10:1565-1 569) was not conserved in hMDM2. ^ K-terrninal regions of P 53 (FIG. % lanes % and 3). Mow- 

EXAMPLE 2 ever, whets in vitro translated human pS3 was mixed 

„ , . » , ,. m ..., . . .„ widi the hMDM2 translation product, the anti-p53 and- 

To dcteruune whether th* hM»NT2 protem could ted ^ ^ ^ ^ 

bmd to human P 53 protem m vrtro, an hMDM2 expres- ^moJimizz an associahon in vitro (FIG. 2. lanes S 

s»n vector was constructed from the cDNA clon». As a control, a protein of smula,- elecUophoretic 

The mpm ™** waa C0BS£ ?^ ,S mobtl ty from a«otherS»e (MCC (Killer et a - 1 

pfiluescrtpt (Stratagcne) from overbppmg ->5\ 1366-15705) w« mixed with N. c - 

cDNA clones. The construct contained the sequence f l U !T l^l , V^TJ.^ ' £tr •> 

shown in FIG. 1 fromnucleoWe 312 to 2176. A 42 bp precirnmtton of the MCC protein was observed Hi 

black beetle virus nbosorae entry sequence (Das- '^^ ^^7 ™^ 
mahapatra « al., 1987, Nucleic Acid Research 15:3933) « of P S3 (1?S*») v. S s m «ed ^hhMDM2 prot«n, a 

was placed immediately upstream of this hMDM3 se- >»- u ' ' ^otmm 

quence in order to obtain a high level of expression. w «« also observed. 

This -instruct, as well as pS3 (El-Deriv et al., 1992, I" the converse ot the experiments described above, 

Nature Genetics, in press) and MCC (Kiuzkr et aS„ &e anti-hMDM2 antibodies tmmunoprcc.pitai p5 

i % nee j66-1370)constr »r -Flu s vbenn M 12 5 tew IG. 2. lane 1 > 

SK+ , were transcribed with T7 RNA polymerase and fitiled to pr*-> pit 1 FIG. S Itwe 13). Preinj- 

tramUted n a rabbit i - . (.P'omega) ac- mune rabbit serum failed to precipitate either hMDM2 

cording to the manufacturer s instructions. of p53 (FIG. 2, lane 16). 
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EXAMPLE 3 
In order to ascertain the chromosomal localization of 
hMDM2, somatic cell hybrids were screened with an 
hMDM2 cDNA probe. A human-hamster hybrid con- 5 
tairong only human chromosome 12 was fount! to hy- 
bridize to the probe. Screening of hybrids containing 
portions of chnomosome 12 (Turc-Orel et al., !936, 
Cancer Genet Cj t >ge ne1 23 ? ■ I -299) with the tame 
probe nan-owed the localization to chromosome 10 
12ql2-14. 

EXAMPLE 4 

Previous studies have shown thai tiiis region of chro- 
mosome 12 ts often aberrant in human sarcomas. Man- 15 
dahl et al. s 19S7, Genes Chromosomes & Cancer 1:9-14; 
Turc-Carel et al., 39S6, Cancer Genet. Cytogenet. 
23:291-299; Meluer et al., 1991, Cell Growth & Differ- 
entiation 2:495-501. To evaluate the possibility that 
hMDM2 was genetically altered in such cancers. South- 20 
era blot analysis was performed. 

FIG. 3 shows examples of the amplification of the 
hMDM2 gene in sarcomas. Cellular DNA (5 ng) was 
digested with EcoRI, separated by agarose gel electro- 
phoresis, and transferred to nylon as described by Reed 25 
and Mann (Nucl. Acids Res., 1935, 13:7207-7215). The 
cellular DNA was derived from five primary sarcomas 
(Janes 1-4, 6) and one sarcoma cell line (OsA-Cl, iane S). 
The filters were then hybridized with an bMDM2 
cDNA fragment probe nucleotide 1-949 (see FIG. I), or 30 
to a control probe which identifies fragments of similar 
sire (DCC gene, 1.65 c'DNA fragment). Fearon, 1989, 
Science 347:49-56. Hybridization was performed as 
described by Vogelstein et ai. (Cancer Research, 19S7, 
47:4806- 4813). A striking amplification of hMDM2 35 
sequences was observed in several of these tumors. (See 
FIG. 3, hwie* 2, 3 and 5). Of 47 sarcomas analyzed, 17 
exhibited hMDM2 amplification ranging from 5 to 50 
fold. These tumors included 7 to 13 fipos&rcomas. 7 of 
22 malignant fibrous histiocytomas (MFH), 3 of 11 40 
osteosarcomas, and 0 and 1 rhabdomyosarcomas. Five 
benign soft tissue tumors (lipomas) and twenty-seven 
carcinomas (eoforectal or gastric) were also tested by 
Southern Wot analysis and no amplification was ob- 
served. 45 

EXAMPLE 5 
This example illustrates that gene amplification is 



FIG. 4A illustrates hMDM2 expression as demon- SO 
straied by Northern blot analysis. Because of RNA 
degradation in the primary sarcomas, oniy the celt lines 
could he productively analyzed by Northern blot. RNA 
was separated by electrophoresis in a MOPS-fermaide- 
hyde gel and electrophoretically transferred to nylon 55 
filters. Transfer and hybridization were performed as 
described by Khwter et ai. (Nature, 1988, 332:371.. 374). 
The RNA was hybridized to the hMDM2 fragment 
described in FXG. 3. Ten «g of total RNA derived, 
respectively, from two sarcoma cell lines (OsA-CL, 60 
lane i and RC13, lane 2) and the colorectal cancer cell 
lints (CaCo-2) used to make the cDNA library (lane 3). 
Lane 4 contains 10 u.g of pclyadenySsted CaCo-2 RNA. 
RNA skes are shown ta kb. In the one available sar- 
coma cell line with hMDM2 amphficatioR, a single 65 
transcript of approximately 5.5 kb w^s observed (FIG. 
4A» lane I). The amount of this transcript was much 
higher than in a sarcoma cell line without amplification 



(FIG. 4A, iaae 2> or in a carcinoma eel! line (FIG, 4A, 
lane 3), When punfied mRNA (rather than total RNA) 
- 1 1 was used tor analysis, an 
hMDM2 transcript of 5.5 kb could also be observed 
{FIG. 4 A, Sane 4). 

FIG. 4B illustrates hMDM2 expression as detaon- 
trated bv Western fc .si> I rama c 

iini RC13flanel OsACL(hm 5), HQS (iane 4 and 
the carcinoma cell li»e CaCo-2 (lane 2). 

FIG. 4C illustrates hMX>M2 expression as demon- 
strated by Western blot analysis of primary & 
Lanes t to 3 contain protein from s 
hMDM2 amplification:;, and lanes 4 and S contain pro- 
tein from sarcomas without hMDMi amplification. 

Western blots using affinity purified MDM2 Ab were 
performed with 50 jig protein per lane as described bv 
Kinder et at (Mol. Cell. Biol., 1990, 10:634-642), ex- 
cept that the membranes were blocked t» 10% nonfat 
dried milk and I0ft> goat serum, and secondary' antibod- 
ies were coupled to horseradish peroxidase, permitting 
cheaitlummescent detection (Amersham ECL). MDM2 
Ab was affinity purified with a pATH-hMDMJ fusion 
protein using methods described in Kinder et al. (Mol. 
Cell. Bio!., 1990, 10:634-642). Nonspeciftcally reactive 
protein* of 85, 520 and 200 kd were observed in all 
lanes, irrespective of hMDM2 amplification status. 
hMDM2 proteins, of 97 kd, were observed only in the 
hMDM2-amohfied tumors. Protein marker sizes are 
Shown in krh 

A protein of approximately 97 kilodalton was ex- 
pressed at high levels in the sarcoma cell line vvitli 
hMDM2 amplification (FIG. 4B, iane 3), whereas no 
expression was evident in two sarcoma cell lines with- 
out amplification or in the carcinoma ceil line (FIG. 48, 
lanes I, 2 and 4). Five primary sarcomas were also ex- 
amined by Western blot analysis. Three primary sarco- 
mas with amplification expressed the same size protein 
3s that observed ia the sarcoma cell line (FIG. 4C, lanes 
1-3), while no protein was observed in the two sat co- 
mas without amplification (FIG. 4C, lanes 4 and 5). 

Expression of the hMDM2 RNA in the sarcoma with 
amplification was estimated to be at least 30 fold higher 
than that in the other iines examined. This was consis- 
tent with the results of Western blot analysis. 

The above examples demonstrate that hMBM2 binds 
to p53 in vitro and is genetically altered (i.e., amplified) 
in a significant fraction of sarcomas, including MFH, 
liposarcomas, and osteosarcomas. These are the most 
common sarcomas of soft tissue and bone. Weiss and 
Enzinger, 1978, Cancer 41:2250-2266: Malawer et al„ 
tm. In: Cancer: Principles and Practice of Onwhgy, 
DeVita et al, Eds., pp. 1293 -1342 (Xippincott, Pa,). 

Human MDM2 amplification is useful for under- 
standing the pathogenesis of these often lethal cancers. 

MDM2 may lunctionalty inactivate p53 in ways simi - 
lar to those employed by virally encoded oncoproteins 
snch as SV40 T-antigen, adenovirns BIB, and HPV E6, 
Lane and BccbirooJ, 1990, Genes and Development 
4 -3-8; Wetness et al., 1990, S 

A'ith th s 1 •, p »tl» sis u» sarc >mas with hMDM2 ampfi- 
fication had any of the p53 gette mutations that occur 
commonly in other tumors. hMDM2 amplification pro- 
vides a parallel between viral carcinogenesis and the 
naturally occurring genetic alterations underlying spo- 
radic human cancer. The finding that expression of 
hMDM2 is corresponding) y elevated in tumors with 
at HOvj on of the gt u insistent wit] i tiding 
that MPM2 binds to pS3, and with the hypothesis that 
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11 12 

overexprcssfcro of MDM2 in sarcomas aliows escape cfaimol, 1950, Genes and Development 4:1-8; Wetness 

fr^p53 repi&ied gi'>v;i nw i i:s m«chanjsfji of et aL, !'JW. Se-< - - n which vtta3 Oftcogeae 

tumorigencsis tias striking parallels to that previously products bind to and functionally inactivate p53. 
observed for viraJly induced motors (La»e and Be- 
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screening for neoplasia or the potential for neopla*- 
We claira* « *> development. 

1 . A method of screening for a neoplastic tissue ma X. The method of claim 3 wherein gene amplication 
human comprising: ** detected 

del ettne ampbftcMtofJ of a Sraiafl MDM2 gene or 3. The method of claim 1 wherein said tnRfsA >s 
elevated expression; of a human MDM2 gene by detected by Northern biot analysis by hybridizing 
detecting liaman MOM2 raRNA w a tissue or body «s mRNA from said tissue to a human MDM2 nacieotide 
fluid isolated from a homati. wherein amplification probe. 

of the human MDM2 gene or elevated expressioR 4, The met) ' 1 « *^snJktDM2 

of the human MJDM2 gene provides a method of nucleotide probe comprises Rudootfties 1-2372 oi 



25 

huttwn M»M2, as shown in FIG. 1, or fragments 
thereof consisting vi at least 14 contiguous nucleotides 

& The method of claim 2 wherein the gene amplifica- 
tion is detected using polymerase chain reaction. 

6. The method of claim 2 wherein amplification of the 5 
human MDM2 gene is detected by Southern blot analy- 
sis wherem the hmrian MDtvf 2 t brk 1 i 
a nucleotide probe which is complementary to faMDM2 
DNA. 

?. The method of claim 2 whereto gene amplification W 
is determined by comparing the copy number of 
hMDM2 in die tissue to the copy number of hMDM2 in 

a norma! tissue of the human. 

8. The Method of claim 1 wbetdti elevated expression 
of a human MDM2 gene is determined by comparing !5 
the amount of hMDM2 mRNA in the tissue to the 



amount of «MI>M2 mRNA i» a tsormal tissue of the 
human. 

9. The method of claim 2 wherein gene amplification 
is dctc d when t, 1 .-t ! » >>J more hMDM-2 DNA is 
observed in the tissue relative to a control sample com- 
prising a normal ttssue. 

10. The method of claim 1 wherein elevated express- 
j> detected v. hen at least 3-fold more hMDM-2 

m£NA is observed in the tissue relative to a control 
sample e-omprisiag a normal tissue. 

11. The method of claim 1 whereat the neoplasia is a 



12. The method of claim 1! wherein the ss 
Itposarcoiaa, roaiignatst fibrous histiocytoma, or osteo- 
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flikwapy ofDNA-mRNA hybrids. DNA 
containing the gene for ovalbumin was 
hybridised with tn-'alburrsiji mRNA. The 
egion ! • en r< hybr lisse to the 
mRN;\ are d«htexo»5 (t' 5-7). Genomic 
DMA that encodes irttrons does not 
hybridise to the mRNA bat. forms seven 
twps iA-G}. The tippet portion of the fig- 
ure shows the actual electron micrograph. 
Regions *h« 1 - i ! 

to mRNA form 3 thicket line than do the 
single-stranded genomic DNA loops. The 
location ami lengths of the mtroas were 

natctl ii i 1 1 i the < 
• each loop along the mRNA molecule 
Reeaijsc the length «f the ro&NA fin nu- 
cleotides) was known, the approximate po- 
sition* of the imrotis could be calculated. 
The middle portion of the figure shows the 
o.o -pr.-< .:...r, of the electron micrograph. 
The >' and 3' end* of the mRNA are indi- 
cated fhc Hon t i shows a chemc 
of the structure of the ovsUmmm gene de- 
termined subsequently by DNA sequence 
analysis of the exon-ifttron boundaries in 
genomic DNA and comparison with the 
cDNA sequence The exotts ate shown in 

>i ire »hwwn in red 
(modified from Chambon, 1981). 



Introns Are Discovered 
in Eulcaryotic Genes 

Excited by these results, people working on the struc- 
ture of eokaryotic genes searched for splicing of cel- 
lular RNAs/ Within a very short time after the 
discovery of adenovirus splicing, the coding sequences 
of /f-giohin, ovalbumin, and immunoglobulin genes 
were also found to be interrupted by noneoding DNA. 
Proof that chromo om tl genes were spliced came ini- 
tially by electron microscopy. The sizes and locations 
of these introns were then estimated by a technique 
called Si nuclease mapping (Figure 8-i). The regions 



of the chromosomal DNA not present in the mature 
mRNA were given the name mrms. The coding se- 
quences were called aeont, because the processed 
mRNAs, without the introns, "exit* f« ! 
to the cytoplasm. It should be noted that at the time 
that the electron- microscopy experiments on adeno- 
virus were done, no one had cloned a cellular gene 
yet. Once the first genes were cloned, introns were 
identified by comparing the cloned genomic DNA 
with the corresponding cloned cDNA. For small genes, 
such as the j? n g i he introns and 

the locations of imroa-cxon boundaries were precisely 
determined by sequencing cloned genomic DNA and 
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Cloned genomic DNA 
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F5CIJSE 8-3 

St inu-.lea s msppii ir>d i r t t I ral ceJUuter 

UNA is Bv'bfwtzcc t ioued gci "> DNA fragment chat 
rtwxsins ( s«»t iuY,ii A " k i J itplexjs. 

formed between the geee DNA 'and its corresponding 
tnRNA bs i ences tmroa 

sequences in the gene do nor hybridize with the mS.HA, so 

' cs form singi i 1 * ' , fht 

RNA-ONA fiyb 1 i m t< J ^ th vj nudease, an ena\ tne 
:5vjt digests smgle-srrseded DN \ iiiro i. « >> ! "i * 
The timndred letroe ^.eqvteei.es dsns are digested, a pnsces; 
that splits the gen >mk DNA into frn'f-fp: The 
« these two DNA fragments are determined by gel 

• -non, die tenftb and 
location of the »mro» in the gene ace deduced. 



comparing the sequence with the cl>NA s> 
with the protein sequence. 

tntrons exist in genes from all eukaryotic animals, 
in plant genes, and, surprisingly, in genes of the £ 
phage T4. Often the tntxons of a gene contain many 
more nucleondes than do its coding exems, thus ac- 



coxmting for <b \< s i '•- t > <pl ined large sixers a f 
many pritnaty RNA transcripts. The number and sm 
of imrons vary widely from one. gene to another. Two 
introns are present in si! genes of the. jS-globm i'amilv 
{Figure 8-4}. The sixes ofinrrons in the jS-g! obi n genes 
from different species differ sligbrfy. bur their positions 
are always the same relative to the coding sequence. 
The ovalbumin gene is more com plica red than the /?- 
globin gene and contains seven introns. The length of 
inrtons can vary from 3 ! nucleotides in an SV40 gene 
to o^r 210,000 nucleotides in the human dystrophin 



from the yeasi ■ 1 do nm com on 

tiitrons Inrronlev; mammalian genes can also he gen- 
erated through recombinant DNA tricks and resretl to 
see how they function in vivo, for certain genes, the 
complete removal of mucous has no consequence. Such 
genes produce fully active mRNA transcripts, How- 
ever, for other genes, the removal of their narawd 
Kitrons somehow blocks the exit of functional mRNA 
products in it t. f i Perha hose latter cases 
the newly made transcripts adopt configurations im 
compatible with exit from the nucleus, 



Specific Base Sequences Are 
Found at Exon-lntron Boundaries 

By the summer of 1978, just a year after the first split 
genes were discovered, the sequences of many exaft- 
imrort boundaries from cellular genes had been de- 
termined. It was hoped that such sequence data would 
be useful iti predicting tlx locarion of an intrc 
gene and would also explain how splicing seas a 
piished. People expected to find that the .sequence's! 
the upstream IS') and downstream ( 3') ends of an intfoa- 
would be complementary. These 4etjuciu.es «K 
therefore he expected to hybridi?.e and form a streak 
of double-stranded RNA, which would be recognised 
and precisely excised by specific splicing emy n 
However, this idea was soon discounted, since «be 
sequences ar the ends of the trnrons were not com- 
plementary. The upstream and downstream spike ; 
therefore could nor be hrottghr together be 
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. hdm2 (*.<.) . , 
. Mdm2. transformed 3T3 cell double minute 2, p53 binding protetn (mouse) 
. mouse double minute 2, human homolog of; p53-bindtng protein {■»«) 
. p53-bmding protein MDM2 (u.) 

- Ubiquitin -protein iigase E3 Mdm2 {EC 6,3.2.-) (p53-»indtng protein Mdm2) (Oncop 
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HUGO »na!»r LocusLink 
(NCBI build 34), 

Gemm-iis Views Ascw*« » UCSC 
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GeoeLoc location for GC12P067488: (about GC identifiers; 


Start: $7,488,238 bp f«™ nm 
End: 67,520,481 bp*™ 
Size: 32,243 bases 
Orientation: plus strand 
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MDM2 HUMAN 
. Size: 491 amino acids; 55232 Da 

. Cofactor ZINC IS REQUIRED FOR UBIQUITiN LIGASE E3 ACTIVITY. 

. Subtmit BINDS P53, P73, ARF(P14}, RIBOSOMAL PROTEIN L5 AND SPECIFIC 
WITH RETINOBLASTOMA PROTEIN (RB) E1A-ASSOC.ATED PROTEIN P300 At 

. Subcellular location: NUCLEAR AND CYTOPLASMIC, EXPRESSED PREDOMir 
! INTERACTION WITH ARF{Pt4) R ESULTS IN THE LOCALIZATION OF BOTH PR. 
! NUCLEOLAR LOCALIZATION SIGNALS IN BOTH ARF{P14) AND MDM2 MAY BE 
I NUCLEOLAR LOCALIZATION OF BOTH PROTEINS, 
j - Alternative products: Alternative splicing. 

• Post-translatsonal modifications, phuwhuktwi »v ^^fy™^ 1 - ' " "IT* 
. Miscellaneous: MDM2 RING FINGER MUTATIONS THAT FAILED TO UBIQUITIN 

P53 FOR DEGRADATION WHEN EXPRESSED IN CELLS. 

• 3D structure: PDB id 1YCR (3DJ 

MIPS Pedant Viewer; ?wa woa miw 2is 
e s — ™**>NP 002333 1 NP 006869.1 NP 006870 1 NP 006871. 
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Human Chromosome (Chr) 12ql3 is a region of clinics! interest in 
hat ri j l i phe.notypes h i n if > tb 
area, A number of relatively detailed genetic maps of toe region 
around human Chr 1 2q 1 3 are now available. A second-generation 
YAC contig rasp of human Chr 12. which extensively covers this 
area, has also been produced. This has resolved a number of dis- 
crepancies in th« pre ; - >,enctic maps. The current YAC contig 
map contains only five small gaps in the approximately 45 cM 
egion bctweet ymo rosatd) arkets 0/2573 

and D.12SI06. A number of expressed sequences have also been 
focalized with ■ trying <i« tr ;s 0 l precision to the remon around 
12qI3. 

In at) attempt to generate YAC resources with low levels of 
chimeri i and t il»3 ^ ml EST mapping in this ge- 

nomic area, we now desenbe the isolation of 130 YACs from the 
IC1 library (Anand et al. 1990). We have used 36 genetic markers 
and l ESTs from e previoti Ch 12 m >• aver and Cann, 
1 992; I j 1 994; K 

ip 1 ') iii t al. 1994 Om d tacimht mica ted 
with the i enn n < , t j i S ^ it f Chr J 

(Kraut* a 995). Wi napped the WN ne fNu 
li. 199!) 62-66 cM sec! i 00 ci\ veratt Chr 12 mat 
of Krai el >95>m * o i t< O i ont 

gap between D12S85 and and the GPD1 gene. This is an 

he latest Cht 12 contig map. We have 
ahoobserw I 1 id ' at77<,M 

n the interval betweci ? 1 <i <> tt uneretal 1995). 

The markers I < > aluc at 71 cM in the 

area between DI2S39Q and 0/2579S, which has enabled us to 
poMimn sevoal first generation genetic m kei «.nh r L pi. e i to 
these points We have isolated YACs for LRP/A2MR. which is 
known to be physically linked to GLi (Fonts and Myklebost 1992). 
Iliest , v > i > . i >r 1( i M in tl i u p 

immediately centromeric of GADD153/GLI. The YAC UGH? 
containing D)2 > " 1 useful in this respect as it is the. 

> the same contig gap. Similarly, 
YACs eomaii i MOM DJ25-?j- nay help to close the gap 
between RAP 18 and O12S80 at 85 cM. As well as YACs con- 
taining COL2.A1 and EALBA, which . included in the latest 
conhg map. we have i waited YACs for PMCA, CD63, and PABt, 
which are as yet not accurately positioned oti the map. Of 25.59 or 
IGF-1 containing YACs described herein ate now known to map 
distal to oar " l • r«M HUM and 1 18 cM respectively 

(Krauter et al. 1995). Vectoreite YA< is m g e t a! 

)ha (tabled to net te other novel STSs and correspond- 
ng Y.A! orn the r n 

Novel YAt let tied a mi 36 genetic markers from the 
I2q!3 region and from 1 f expressed sequences in the tegion are 
presented in Tabic I. Where known, a corresponding YAC from 
the second-generation YAC contig map ft nan Chr !2 »s in- 
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eluded i» Table 1 for ease of cross-reference (Kraater et a!. 1995). 
The 47 loci screened all producer t vi YAC and, 

in most cases, multiple YACs, consistent with a x3.5-fo!d genomic 
representation of this library (Anand et ai. 1990). !n a number of 
cases, the same YAC was identified with more man one genetic 
marl . ig that dies rk< ic in el ysk roximny 
(the average insert: sias of the YACs in this library is 350 kbj. 
D12S339 and the WNT-! oncogene both eave positive signals 
with YACs 26BB4, 28AD4. and 32i I « of die 64 cM 

contig gap (Fig. 3), b!2S36Sml 0/2S774 at around 68 cM both 
identified YAC 30AB1 1. 0/2577 and D12S96 both identified the 
YACs 20BB4 and 20BF12. This places DM17* She 71 cM locus 
in the middle of the KRT gene family and centromeric of 
DttSm, D12S359. D12S19, D12S325. HOXC5, and DUSKS 
respectively. G A DDI 53 and GLil at 76 cM identify the YAC 
26EG 10, confirming the close phj linfoi f ie.se two genes, 
'litis focus is immediately tetotneric of a gap at 76 c.M in die 
second-generation YAC contig map, and end sequencing 
of 26EG 10 may assist in contig closure. The markers OI2SS0S ml 
D12S KU at 77 cM both idenstiy the YA< IED1 . ttcordant wth 
the second-generatton map. End sequencing of 10EI>1 and re- 
screemng of the YAC library identified I5SRY This YAC also 
ont t Ci s , confirming »k< ndei DJ W D W 
DI2S104. D12S83 and D12&3H both identify the YAC 34CA7, 
confirming their physical proximity at 77 cM also (Krauter ct al. 
1995). 

YACs fot which sequencing of human DNA insert termini has 
been performed are shown in Table I. Following confirmation of 
localization to Chr 12 with the Corietl Mapping Panel, additional 
YACs were isolated as shown (Table I). These increase die YAC 
cosera^e at W S96/17 (71 M 20PFP) Dl m (77 

cM. iOEDl. 15BE5). and D12S43 around the 86 cM region 
(34HHJ0). A number of YACs proved to be chimeric during 
analysis; the right-hand end of 40AA12 (a YAC identified using 
primers from the MDM2 gene) maps to human Chr 1 . The MDM2 
YAC cFDlt is also highly chimeric bv PISH analysts (data not 
shown) The MUM?. YAC 40CB5 was not chimeric by FISH 
analy is and v a; uwd to ccmfina 1 i >f J' >n i< die 12ijl4 
region (Fig. >, Heighway et al. 3994). The other YAC termini 
■ "Table fall map to Chr 12byPCR analysts of o nat t 
ceil hybrids. 

In the last four years, six separate Chr 12 maps have been 
presented which include markers in and around the 12^13 region, 
i e <M t U'H r , * 1 t mapping group cortiprclie.s' ici- ge- 
netic linkage map of the human genome i'Guyer and Cann 1992), 

conjunct th data of S 1 i r ft i i > u * 
provided an appmKunate marker order cen-COL2A 1-ELA 1- 

- 1 Dili Qi2Sl4-D12S4 O 25 V2SH 

' s > > ' ' • 25 »? * ' C 

B12S8-&12S64 D!2S?~vsl, with ' ! • i bly ocated dis- 
t n J2ql5. In complementas7 stud i 52, \ i 
a'.o c lit u i s d, - .tibed another set of markers across die same 
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' ik t t * - ' i j 

'dc-ittwd V,' ws»e than one nisrttM. CSPH VACS ate included for east of crow 
V rcteroi;; YACs wtotufisd by rescCTine* the Uwy with Vmweite.g«*jatw! end 
stqtifftss »v also iedwicd i Riley a »s. !<>00) si m ti>e navel STSs gef.cra«<i in this 
piiXfSS. The MOMS rfihuuehNsri?i>-,ojiiai hun's.-troiietit ««t»s»k ctil-fcyhfid mapping 
t r , ■ ii K ' • i r ' i v«;: scree red ts> 

r i -' ' J ' 1 n geitwt ! it ' < J • I I 

primers - PCR cwxtw-jnt were as dweffted /or *« YAC Isbraty screening. The panel 
was screeced io «Ktftrm iMal.iaiioi: to hwngn Chil e «nd tiwis w «wt, to a first 

> e icd V* I 1 ' ir 

... [■■ r to* k , i U5-U11 
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Right end sequences 



(W2S/2 
;>;::.5« 
D/2SJS 
/W2.V5!) 

o;2sa> 



onsm 53 ;t 

,0«S/fW 52,0 

a«s«w S3.0 

0/2S.<i;i 49.0 
54.5 

DK'SlJy S5-0 
0;2A7?-> 59-3 
DimtK 51.0 
O/ZTiiJ 55.0 
St.O 

i}/2i'.Jk*i S2.CI 
D/2A'32(i 54.5 
i>/24'»9 S6.5 
J3/2S.W St.3 
i>/»',»3 S3.« 

49.8 

;.i/25hV 52.=! 

aims? S5,o 



f>«Si« 52.5 
«HW wo 

0«SJ?i 55.5 
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J4CA7 

5iAI2; 12H134; UtB; tSOW; 

21GB5: 37EH10; 
HJGfc tOrGS. tOIGA: 23BA 20; 

37AE2; 37FA3 
4DDS fECS; 1SBKS; 2JJ0I; 

J4HA*; 361C2 

TDF1 

IO£»Js 30AA4. 35HH4 

'. fi« mm 

SHBIS; ISSDAO 



«Ai* 
30A!»I 
)0F.t)l; 2(2 : M' 
1 !<>H7 



M A Si : .( IBf t i 
)0FE5 

iiGCU; iWO'Ji 24f : H7 
fXiBfc I STOS; 400812 
0HGS; I2G0«: UOil*; 1SDD7: 

34DDS 
3HCA7: 311D6 
(W2 :=(■, M!5; 552,: 3'>f- 
! SAG 10; „<■ M HP 

■nam 

SPA! J; «:G?-. 26BB4; 28AM; 



8<)'k:!2 
27243 
33>iJ).3 



753d? 
3251U2 



W 95la5 
2i7g* 

0; 2J3f32iO. 37HCIO *)26h } 



Tm rC) MgCi, (mi*) 



582A5 
:»K.ltl 

26iiCM; 25ECI0 
26BB4; ISAM; .KB<22 

cm; . 4f.su t ;b> :5im t 

13FK9; 3 SODS 
HGG9 

5B ?<5E1 .< 
4AF4 

)7Lif5 : jok:^ :.i-x:-i : !2 



Original YAC iefi Sid* YACs 



1OE01 30AA4. 39K93 ISBESf 29(BSO 

2CBF12 ; 

34HHJ0 (48C! 1 H'O 



40AAJ2 



region from to D12SI06. a region at that stage though!, to 

be of around 35 cM. TIjis reportetl order of markers was cert- 
DI.2SS7 -D ! 2SS5 - D 1 2S96-DJ2S I03-D1 2S90 D12S 1 04- 

H2S8?-! 2S ft! )12SS0-D1 92 D12SJ06 tel. It was not 
clear at that time him these two diftocm sets of markers over- 
tapped. This was established to .some extent in She report of the 2nd 
ititematiotiai Workshop on Human Chromosome 12 Mapping 
(KucheriapaU el al. 1994). 

The 1993/94 Genethon buntan genet c linkage «i; . (Gyaj a < - 
a!. 1994) tie-scribed 28 genetie markers over ait expanded 45 tM 
region flanked by &12S87 and DI2S106. This map was integrated 

,t» j* W< nil. i <1992 J. M 

second-generation YAC eomig map of toman Chr 12 has been 
produeed (Krauter et aJ. i 995). Tim represents an almost complete 
physical map oi the regto 12c i I2qt3 and re.wivcs mafly of the 
i ftjN (ndeed, 

the contig man plati 1 ' d as a 12qll 

markei; on the short arm with DI2S333 even more distal on 12pl 1. 
The marker DS2S33I is now positioned at 55 cM just below the 
centromere on the q artn. However, this latest ma» sail contains 
g i region v el nvesi g tnd does not 
include many ftrst-generatjon genetic markers, some of which can 
now be placed on the map. 

White the second- generation YAC contig map ol the 12ql3 
>e§ioB can now be considered a& deli« e, o if nson of the data 
therein with previous genetic maps and the results described in Ibis 
pi _ i »L'b I'ui adc ! kS 5 ^ 

ing from eenEtoiRsre to qter, there is an EST (ATP5B) mapping in 
ItjH - 12 region (Kuei x li. 1994) tt r 1 

in the VAC contig map. This presumably lies between the centro- 
mere (54 cM) and the LALBA/0i25;2O/COL2AlA r DR/0/25^ 
'i whi now well resolved on tfie physical map bttt was not 
clearly discriminated on the genetic map. it is therefore possible 
it ATF ups in the first gap in i i <h tg al 
nd 59 cM r D12S33 vas it < > « 

DMS85 and D12S361 (around the 64 eU mark) in the 1993/94 
' • .t ' r t i \ i < 1 < t 199 j 1 s . 1 map. We 
have now she >• f >'J9 i closely linked pitys il 

WNT1. It seems probable that these two markers map in the sec- 
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oi »i . ao. 5 on pro* I2q. 1 i )>< i 

, mosome 12 Workshop map links WNTl wish D12SBI, DJ2S6, 
D12SH m<iD i (KucherUp eta! 994> < >m data contra- 
hci. these result that we have den tratt ght j ailin! 

between i < P/2W, the lattet i i pir * < : 
iiistal it ' ! »1 j h , . i I Ah i j 1 < < 
erthel t d be worth \ hi!. to teen "i <Vt Ubrarie with 
0/2S6. J5/2S7/ (D12SISI is report I i t h t ause it ss eott- 

vabie that en u !i r ! I i < _ t, 

In t letimak od ass tss ai > vaj e m ibi 

regard. The; i a series fi - t ti Chr 12 markei 

to the region between COL2AI and D12S1? fh.cn appro) > > it< 
I > :!• order was cm~i:.lA.t-Oi 2S29-DJ 2SI5~t)}2S2$~Di2SJ4~ 
0)2S4-D!2SlS~Di2S!6~fJi?.S17~te\ They also mapped 0/2S6" 
distal to DI2S17, which by our data - a i place it distal to 
DI2S96 riius, e two pern maps c somewhat at variance 
However, BLA1, 0/2^29. D12S15. D12S2S. 032314, D12S4, 
012SIS, and 0/25/6" would be potential markers to use to identify 
YAC; in an am if ) fill tlx *'A< mig gap at 64 cM. 

Our physics! linkage of D12SI7 and 012S96, plus the 1»95 
localisation of 0/251* at 71 cM {Krautet ct at. 1995), would 
j i 1 > t EPHmap vith the data 

of Schoenmafcers est al), that Di2S6, D12S28, and D12S22 map 
between 0/2S96' and 0/2S/9. This can now he easily confirmed 
because the YAC contig is complete between diese points. Again, 
the 1992 NOi/CEPH map and Schoenmakars and colleagues 
(5994) have previously placed the markers DJ2S43, D12S8, 
Di <!0 "Hie 1994 workshop report 
Kncii r j 1 et i l »4) linked M2S8, D! 2.143, and LYZ with 
O12S80, which is now positioned on the YAC eotitig at 87 cM. 
This is immediately wlomcric of a fourth gap in the YAC contig at 
8S cM. DJ2S8, DI2S43, and LYZ are useful markets to screen 
YAC libraries in an attempt to bridge the 85 cM contig gap be- 
tween RAP IB and D12S80. Furthermore, the 1994 worteho'p re- 
port (Kucherlspati et ai. 1094) links the rFHy arid RAPIB loci 
with DJ 2S So Again Oi?S56 may K use! I 

M T ' ii t l 5 i , 

v \l> y 1 Jink t 1DM 

not included on the 1995 cumig. il is, therefore, also possible dial 
MDM2 lies in the same contig gap. !n support of this, the MDM2 
i YAC immediately proximal to 
tl it M DM2 may be. distal to IFNy. While two 
of the YAC's desenbed herein for MDM2 are highly chimeric 
<6FDJ1 and 40AA12), the YACs 40CB5 {Tig. 2) and 26DC3 
fHei way et ai. 1994) have been localized by FISH analysts to 
12ql4.3--ql5 and may he useful in bridging the contig gap. This 
yt< icalu i is !» tgrc m< it with the rt ported local- 

' izatiftR of {PHy (Bureau et al. 1995) and with the mapping of the 

htly distal i > '> aid Dl2Sx 15 to Pql4-ql5 by 

f i-i d associat I' li t tht l L t K 

noted co-amplification of die GU, CDK4 and MDM2 genes in 
human sareosas (Kbasib « al S993) ; nttr iy, , si stent with the 
genetic map oi j Cs i i > and Di2i>m 

may prove uset i n bridgi | fiftt p w;sjch they flank at 91 cM 
in the current contig map. 

OI2S64 may be sonse way distal to the D12SS/D72S4V 
)cus at !2ql4 qf 5, and [fact U S7 taps al m cM. 
considerably distal to h < b marker ai 98 M whi h we 
have taken as the boundary of oar area of investigation. Similarly, 
0/255,5 fot whii . thret ACs are de cribed fit em. now maps at 
U3cM beyond ,1 ton ti t, rtc end of the 
region, Di2S$9 and DJ2S345, both map adjaeem to the centro- 
mere on the short art .' l r 2 Suchei .patin.il 1994 Krautet 
et al. 1993) Our DttS82 YACs also map on the p arm. as do our 
i. t dtstaf VA< . I U . 

* If'' i L t i i 1 n i At 

clones, L.ALBA, C0L2A), GADD153, and GU arc already posi- 
tioned on the 5995 YAC eomig mao at around 6D, 61, 77, and 77 



cM respectively. The 1GH gene, for which we have identified a 
number of YACs, maps distal to DI2S106 at around US cM. 
rhesc YACs are thetefoi < le H' i lX fo u-chivai 

purposes. Of the ESTs for which we have isolated YACs that are 
not yet positioned on the 1995 YAC contig map, the WNTl clones 
p : i to be of value in that they n - ?9 in a current 

cot tig f ip at 64 cM, Similarly, our V5DM2 ^ v. clones ta\ map 

. r en f A( contig gap ai 85 cM. Ai present, the precise 
positions of PMCA, CD63, and PAB1 on the physical map remain 
to be confirmed. Finally, we have isolated YACs for the LRF/ 
A2MR gene (Paulien et al. 1992), which has been physically 

lapped kbi <>) I >m u im s J , . 1 ><>; rhe > 
be u<a ful in closing a 'hird \ \C cot a; n thi re; ion beos en 
OZ25.J/2 and GAOD153 at 76 cM, as indeed may the DI2S332 

C ADD i 5'VGU Y A in 1 warfa 

wide range of YA< tea,", i n i , >cen q!5 region will 
wtihouto,ueM„ I t t^KarSdofthe 

genome and should allow us to resolve some of the outstanding 



HtisrM 

OtJSK? 



0I2SI9 
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Kig. i- Schematic I2pl i-!2f?!5 gemtoe map highlighting gaps in the ear- 
its, > U contig anJ tliu pc mining oi Mi6 f a for seme of 
which new YACs are described herein. The ICI YAC library (Aaand et ai. 
1990) was screened by the polymstase chain reaction (PCR> \>ith avatlabie 
genetic markers from tin- $ C pon Standard F'CRs tontained 100 ng pooled 
C DMA it j t h prim 1 [ buffer (i ) 

0.2 mM (INTPs (Promega). 2u'jV, DNA polymerase CPromega), and 1.5 
rr.N g( cseep , cases* n in fable ! wh i I her Mg< 

ut . j ..yts^xarv Ail PCRs were earned out wth a Tecfaae 
i 1 ' ! ihc-rnial 1 tht t istu. , p was 5 tr ti/95 2f pun t 
ONA; ft) minWS'C for whole yeast, cells; followed by 38 evetes of 30 
s/^-C, 30 s/prima Tm and 1 aUw72 0 C v.-it! » final I -n- m step I 0 
«Bnr72'C, 




questions concerning the frequent translocations encountered in 
■ , m a variety of malignancies. 

AthwrkJgiaents. Research m the authois' laboratories is supported by 
h . Medical ! tech < i i rn»st, ll* V..ik*ire Car. 

1- -4' I ' impugn and the West 8 di- g Medii Research W< 
hank i '1 r additional t ' r > .t 

poo for litis project. J P. Leek for FISH analysis, C.A. Higgins for manu- 
script preparation awl Zeneca pic for library access. 



References 

Anand, R., Riley, J.M.. Butler, R, Smith, I,C, Markham. A.F. A 
genorr \C iiboi mi >ar 

en .... ereeni: md >rr?,< Acids Res., i ' 19 t 

f i J r\ I. . Le PasSicr. D. 0 9 . 

fa interferons is linked to the DI2S33S and D12S313 mkrosatellites 

and w the mm> sen enomi 7 0> 
j 1 1 > f 1 Montgoi 1 ' ! • <*S.,Wcreus» 

Kramer.* toim , I A Ivfcir. D.T., Kuci 

iota VAC spanning the 

. . , i real i uterine W oat pulmonary. torn 

hamartoma, and Lipoma; physical mapping of the i2qS4-ql5 breakpoint 

region m u«n q 26 ^ 2 1 

fores, A., Mvklebost, O. (1992}. A physical map of a 1.1 Mb region on the 
rmof o.™ t pawa he GLS and LRP too.. < >n 

14,117-120. 

Guver, M Cain, H. (3.9921 >mprehen , > ri nkage map of the 
human genome NfH CBFHCol iborative Mapping Group Science (re- 
print) pp 3-66 

Gvspa) " n i. net. A., Dtb, < t \' , > t 

M S Beraa i, G nhrop, M , Wei iba ' ' t 9!) 1 1 1993 
human gen < iLw map. iNamre Genet. 7, 246-339. 



Hetghway. J„ Mitchell, E L D., tones, D„ White, CRM, Santifeane?. Ko- 
r ,< vlF. i » traoieribed { '. phiMt 1 tb-iocal «ior •" 

MDM2. Rum, Genet., 93, 61 1— SI 2. 

Khati > \ Matsushin il Vakmw M Shnpn O.N iltetr, C.J 
I it i t ; 

L'liih /comas. Cancer J i 1 i !, 

Kra * m, S.J, LerJlanc -Straceski, J ill 

3 Marondel ! Hcrdman. V., CupclU. L.. Banks, A, Uemaa. J.. Men- 
ninger. J., Bra> ?. Nadfcirai. R, Weissenbach, J » 

Ri on V Qmma 1 Cohen, D., Miller, f vVard.D Kucheriapaa 
ft . f 5 095) A second-geoeratitsn YAC omtifc map of human ehromoson* 
12. Nau .(■>-! 

Knchertapari, Craig, L. Mary two. P. Report of die second 

international workshop on human chromosome 12 mapping 1994 Cy- 
tngenet. Cell Genet. 67, 245-276. 

\ussc, 8. Brown. A., Papkoff, J„ ScamWer, P., Shackleford. U.. Mc.Ma- 
hon, A., Moon, R., Vanm; H. t "< new omenelaotre for iat-1 
a«d related genes: the Wot gene family. Cell, 64. 231-232. 

Paufien, S., Sandbcrs?. A A , Htrz, I. Gertimii:, R.M. (1W Putative 
poprotetn RP, A2MK 

- th iraft-ditaiwns m f 2<j! 3-14. Cancer 

Cent t ■ ■ 60 115-150 
Riley, JH.Butki R., Ogtlvie, O., i-inmear. R., Jennet. £ 

AttMtd, a, Smith, J.C., Marfcharn, \ F < 1990) 

tor the isolation of terminal sequences from yeast artificial chromosome 

(YAC clones Nucleic Acids Res.. IS, 3887-2890. 
Schocnmakers, JELF.P.M,, Koois, P.F.J, Mois, Kaaniwraak. B.. Bart- 

nieke S Bull rdiek, J., f.)al Cin, If, Do Jong 1 ' >' 1 

Van De Veo, WJ.M. (1994). Physical mapping Of chromosome 12<J 

breakpoints in lipoma, pleomorphic salivary gland adenoma, uteritie 

leiomyoma md myxoid liposarcoma. Genomics, 20, 210-222- 

1., Gsapay, C, Dib, ( V't.Knal. A., Moris sett* M - 

scatj, P , Va^ssetx, G-, Uthrop, M, f 1992) A ses-ond-generanori linkage 

map of the human genome Nature 359, 794~«0i. 



SHORT COMMUNICATION 



The Gene Coding for Interferon-y Is Linked to the D12S335 
and D12S313 Mtcrosatellites and to the MDM2 Gene 

j. F. Bureau,* F. Bihl,* M. Brahic,* 1 and D. Le PASUERt 

*UM des Virus Lents, Imdtui Pasteur. URA »S MS7, 28 rue duOr «W ^W^«C^«/5. fence; and 
tCemre < - £ • ■ ■ - tumain, 27 rue Juliette Dodu, 75010 Pans, Frame 

Received Match 13, <995; accepted April 27. 199S 



nellitus and a control group. For fti- 
l«tertewm- r is a cytokine with multiple effects. It ture studies using the candidate gene approach it 
interferes with the replication of several viruses and would be extremely useful to locate precisely the IFNG 
play* a key rale in the regulation of immune responses, gene in particular with respect to polymorphic nuerosa- 
Therefore, the gene coding for interferon-y could be tellites markers. 



implicated in the susceptibility of humans to several 
diseases. We have localized this gene close to the 
M2S335 and 0128313 mieroaatelhtcs on both the phys- 
ical and the. genetic maps of the human genome. We 
also physically mapped this gene close to the MDM2 
locus on chromosome band I2ql3. Finally, we describe 
the organization of the Ifg, Myf-6, Mdml, atul Mdm2 
loci on mouse chromosome 10, in a region syntonic to 
human chromosome band 12cil5. e> issb Acudentc p«»», inc. 



With this goal in mind, we screened the YAC library 
from CEFH (1) by PGR using two primers (forward 
S'-QCTOTTATAATTATAfiCTTGT-S' and reverse S'- 
AGGGTATTATTATACG AGCT-3 ' ) derived from these 
described by Ruiz-Linares (17) for the FFNG microsat- 
ellite. PGR was performed using a kit from Amersham. 
After denaturation at 94°C for 2 min, 200 ng of BNA 
in 25 ill was submitted to 40 cycles of amplification 
(94*0, 40 s; 50"C, 40 s; 72"C, 15 s). Using this procedure, 
we isolated clone 825G7 of the YAC library. We found 
Interferon-y (IFNG) was discovered because of its that clone 825G? belonged to a ee-ntig of 2$ other YAC 
antiviral property (12), although it is now studied clones, according to inter~Afe PCS patterns described 
chiefly bemuse of its central role in the regulation of in the CEPH-Genethaa WWW server (6). AH clones 
immune responses. This cytokine is secreted by CD4* in this contig contained either both microsatelktes 
T cells committed to the ThI pathway, by CDS* T cells, D12S335 and D12S313 or one of the — r 1 



and by activated macrophages. Because of these mult i- 
pit: functions, the gene coding for IFNG is a good candi- 
date gene for control of susceptibility to various infec- 
tious as well as immune-mediated diseases of humans 
and other mammals. The persistent infection of the 
mouse central nervous system by Theiler's virus is a 
case in point. The Ifg gene is a good candidate for con- 
trol of the p* - '> «. the infection for two reasons-, 
(i) Persistence is controlled by a gene that was mapped 
to the teiomenc region of chromosome 10, close to the 

Ifg locus (5). (ii) Resistant 129Sv mice whose gene cod- ^ 

mg for the IFNG receptor has been inactivated become ^1$^ markers in the eight families that have been 



0. Each clone 

was tested for the presence of the IFNG microsateliite. 
Eleven clones contained the IFNG microsateliite. Tea 
also contained both the D12S33S and D 128313 micro- 
satellites (YAC clones 74SA10, 743E2, 751A4, 809H4, 
S2SDI, 870HS, 924E4, 926A6, and 983H8), and one, 
YAC clone 763F1, contained only the 0128313 micro- 
satellite. Therefore, these results demonstrate that the 
IFNG gene is physically linked to the D12S335 and 
D12S313 microsatellites. 

To confirm the position of the IFNG locus on the genetic 
map, we analysed the segregation of alleles of five micro- 



susceptible (8). 

A precise localization of the human IFNG gene was 
not available until the present work. This gene had 
been localized to hand 1 2q24 using FISH and by screen- 
ing a panel of somatic hybrid cell lines (14, 19). Re- 
cently, Ruiz-Linares (17) described a microsateliite in 
the first intron of this gene, and Awata et of. (3) re- 
ported a difference in the allelic distribution of this 
marker between a group of patients with insulin-de- 
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used to construct the Genethon map (10). Besides mark- 
ers D12S335 and D12S313, we used two more microsatel- 
lites located on either side of the D12S335-D32S313 
region. One was taken from a group of six cosegrega- 
ting markers (D12S104, D12S305, D12S355, D12S334, 
D12S83, and D12S329) centromcric to the D12S335 
marker and the other from a group of three cesegregating 
markers (D12S344, D12SS0, and D12S92) telomeric to 
the D12S313 marker. For each family, a pair of markers 
was chosen according to its polymorphism within the 
family. The parental meiosis were not informative for 

a genomics 2a, 109-1 12 (1995) 
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FIG. 1. Segregation of the 



* sho-wti italicised- 'Ihe 



« alletes of fFNG asd four microsstciiite markers in two families. Maternal aliefea ai 
, „ , . . < *r* ohutned from the GSnettan database, De^e* correspowd to cases for which g«wt>TOS war* u* 

avsitehk Stipple khs indicate a recombination «v<sat, and h<M identifies alleles frw» each parent, T»» alWwof UWGareouinbwed 
ascordiag to *e she of the amplified DNA, from the smaller to the larger fragment. 



two families. The pedigrees of the other six were analyzed 
for the markers described above: IFNG, D12S335, 
D12S313, and the two flanking aiierosateUites. The re- 
suits are presented m Fig. 1 for two families and summa- 
rized in Table 1. No recombination was observed between 
the D12S313 and the IFNG markers among 137 informa- 
tive mewses. Only one recombination was observed be- 
tween the D12S835 and the IFNG markers among 135 



Analysis revealed that the flanking 

markers were indeed less linked to the IFNG locus than 
the D12S335 and D12S313 markers. 

We next showed, by physical and genetic mapping, 
that the IFNG locus is linked to the D12S313 and 
D I 2S335 loci. Indeed, YAC clone 926A6 was recognized 
by these three markers. This YAC clone is chimeric 
and contains regions of both chromosome 12 (band 
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TABLE I 
Geaetie LeeaUstatioti of IFNG 



No. of informative 



D12S34*D12892 



•:• ■• At, 

OCO.dcM) 
6 (4 .4 cM) 



12q15) and chromosome 5, as shown by FISH {6, 9). 
Therefore, our results localize the IFNG locus to band 
12qlS, which is different from the previously published 
localization (band I 2q24) (19). The region of human 
chromosome 12 to which we localize the IFNG gene is 
syntonic to a region of the mouse genome where we 
and others have previously localized the mouse Ifg gene 
{2, 5, 18). In our work, the positions of loci Mdml, Ifg, 
and MyfS and of three nucrosatelb'tes DlOMitlO, 
DlOMitl4, and BlOMitl64 from the Whitehead Insti- 
tute were determined using the progeny of a Fl (B10.S 
X SJUJ) X BlO.Sbaekcross (Fig. 2) (5). This backcross 
was typed for more than 100 loci that were distributed 
among all of the autosomal chromosomes. The results 
showed that the Mdml, Ifg, and My/8 loci were linked 
to each other in the telouteric region of chromosome 
10. Other authors have also reported that the Mdml, 
Mdm2, Mdm3, and Ifg ioei are closely linked (2, 18). 
Interestingly, the MBM2 locus has been localized by 
FISH to hitman chromosome 12ql4.3-ql5 (11), Thus, 
the analysis of the syntenic region of the mouse genome 
agrees with our localization of the IFNG locus to hu- 
man chromosome i2ql5. 

We confirmed the physical linkage of the MJDM2 and 
IFNG loci by screening, with the MDM2 PCB (11), the 
eontig of YAC clones recognized by at least one of the 
D12S335, D12S313, and IFNG microsateiiites. The 
MDM2 marker recognized three YAC clones (751A4, 



870H3, and 9S3HB) that were also recognised by the 
D12S335, D12S3I3, and IFNG microaatellites. Thus, 
the MDM2 and IFNG loci are physically linked. The 
MDM2 gene, which codes for a p53-likc protein, is lo- 
cated in a region associated with, several cancers {16\ 
16). New polymorphic markers for this region are of 
particular interest since the only one available so far 
is a NlaW polymorphic restriction site (11). 

The Myf6 locus is located in the region of mouse chro- 
mosome! 0 syntonic to human chromosome band 12qI5 
(4). Therefore, we decided to localise the MYF-6 locus 
physically. We screened the CEPH YAC library using 
MYF-6-specinc primers {forward 5 ' - AGACCTTCTCC- 
ACGCAGCAG-3' and reverse 5 ' -GCGAAATCTGTTG- 
TGCAGCT-3 ') under PGR conditions identical to those 
described above for the MDM2 marker. Two clones, 
921C6 and 982A6, were isolated. We found that both 
belonged to a eontig of nine other YAC clones, according 
to inter-A/u PGR patterns described in the CEPH- 
G&iethon WWW server (6). Three of them, clones 
94GB8, 937D9, and 949H4, contained the MYF-6 
marker. According to the CEPH-Genethon server, 
clones 940BS and 937B9 contained the D12S106 micro- 
satellite, a marker 15 cM from the D12S313 microsatel- 
lite, toward the telomere (10). Figure 3 shows the posi- 
tion of these various markers on human chromosome 
12ql5 and mouse chromosome 10. The organization of 
the syntenic regions is very similar. 1FMG/D12S313 
and D12S10S are 15 cM apart, whereas Ifg/Mdml and 
MyfS are 5 cM apart. However, since 1 cM is, on aver- 
age, equivalent to 1.7 Mb in the mouse and 1.0 Mb in 
human, the physical distances between the markers in 
mouse and in human could be of the same order. 

In conclusion, we have shown that the IFNG and the 
MDM2 genes are close to each other and to the 
D12S3 md D12S313 microaatellites. These markers 
are most likely localized to chromosome bands 
12qH,S-ql5, in a region syntenic to the telomeric part 
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Segregation of tiu < Mdml MyfS, ano* some markets published by the Whitehead institute m i» 78 Fl (SJLtf X 

BIOS}* Bt.iS«w T*. M ■ ' \ miematellifci was {^mjh^m^^nof 

M , j , i , GGCAC 1 I « J 7 f * ' 

30(13 1 Black square > ref t qusras represent heterozygous mite. Numbers under eaeb coiwnn represent the 
number of mice wth each genotype. 
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re lot i mapping on! i h iman gene 

and markers were localised by boih ph.yaicai and genetic mapping. 



of mouse chromosome 30. This information will he ex- 
tremely useful in human genetic studies in which the 
IFNG and MDM2 genes will he candidate genes. 
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Amplification of a gene encoding 
a p53-associated protein in 
human sarcomas 

J. D. OBner*, H. W, K*«ter*t, P. S. MeHxerl, 
O. t, Geergeg & 8. VogeJstein* 

* The tote Hopkins Oncotagy Center, 424 f«jrth Bona Street. Baltimore, 
Maryland 21231. USA 

i Departments at Peltries and Radiation Oncology. - . 

- f ti f- ,3r> Cancer Center, MS«B 11 C5S0B, 
1160 West Medical Center Dfive. Ann Arbor. Michigan 48109, USA 
§ Department of NL-rrsan Genetics, University of Pennsyivanla. 
Ciinica: Research Buiifltng. Pniiadeffihia. Pennsylvania 19104. USA 



DESPITE extensive data linking mutations in the p$3 gene to 
human tumorigeoesis', little is knows about the cellular regulators 
sad mediators of p53 function. MDM.2 is a strong candidate for 
one such cellular protein j the MVM2 gene was originally iden- 
tified by virtu* of its amplification in fl spontaneously transformed 
derivative of mouse 8AL»/c ceils 1 and the MOM2 protein sub- 
sequently shown to bind to p53 in rat cells transacted with p$3 
ge»es" M , To determine whether MDM2 plays a role in human 
cancer, we have cloned the human IMDM2 gene. Mere we show 
that reeambinstnt-derived human MOM2 protein binds human pS3 
i« tiiww, and we use MDM2 clones to localize the hatnan MDM2 
gene to chromosome 12ij 13-14. Because this chromosomal position 
appears to be altered io many sarcomas 5 " 7 , we looked for changes 
in human MDM2 in such cancers. The gene was amplified in over 
a third of 47 sarcomas, incJsding common bone and soft tissue 
forms. These results are consistent with the hypothesis that MDM2 
binds to pS3, and that aatplificatitm of MDM2 in sarcomas leads 
to escape from p53-regu!»ted growth control. This mechanism of 
tamorigenesis parallels that for vtrally-induced tumours 5 *, in 
which viral oncogene products bind to ami funetiooallv inactivate 
pS3. 

To obtain human complementary DNA clones, a murine 
MDM2 cONA probe was used to initiate cDNA walking in a 
human library (see legend to Pig. 1 ), Sequence analysis of 25 
clones revealed several cONA forms indicative of alternative 
splicing. The predominant human form is compared with its 
murine counterpart in Fig. 1 . There was an open reading frame 
extending from the 5' end of the human cDNA sequence to 
nucleotide 1,7S4. Although this signal for translation initiation 
could not be t n , I . j usiy defined, the ATG at nucleotide 
312 was considered the most likely position for several reasons- 
First, the sequence similarity between human and mouse MDM2 
declined dramatically upstream of nucleotide 312. Second, an 
inverse polymerase chain reaction (PCR) was used in an attempt 
to acquire add tiona tn am cDNA sequence 11 '. The 5' ends 
of the PCR-derived dories were very similar (within 12 base 
pairs) to the 5' ends of clones obtained from the cDNA library, 
indicating that the 5' end of the human MDM2 sequence shown 
in Fig. I may represent the 5' end or the transcript. Third, in 

i translation i ;equen ! vn in Fi t > , ning « 
the methionine encoded by the ATG at position 312, generated 
a protein simitar in size to that observed in human ceils {see 

Comparison of the human and mouse M0M2 ceding regions 
showed that they were 80.3% identical and shared a basicnuclear 
localization signal at codons 181 to 185 (ref, 11), several casein 
kinase !i serine-phosphorylation sites", an acidic activation 
domain at codons 223 to 274 (ref, 13), and two metal-binding 
sites at codons 305 to 322 and 465 to 478, neither of which is 
highly related to known DNA-binding domains 11 . 




To determine whether the human MDM2 protein could bind 
to human p53 protein in vim, a human MDM2 expression 
vector was constructed from the cDNA clones (see legend to 
Pig, 2). RNA transcribed from this vector using T7 RNA poly- 
merase was used to program a rabbit reticulocyte lysate. 
Although the predicted size of the protein generated from the 
construct was only 55.2K (M, 55,200, extending from the 
methionine at nucleotide .112 to nucleotide 5,784), protein trans- 
lated in vitro migrated at ~90 K. The MDM2 protein was not 
immanoprecipitated with antibod s igainsf either the C- 
tcrminol or N-tcrroina! regions of p53 (Kg, 2, lanes 2 and 3). 
But when in w/ro-translated human p53 was mixed with the 
human MOM2 translation product, the anti-p53 antibodies 
precipitated MDM2 protein with pS3 (Fig. 2, fanes 5 and 6). 
As a control, a protein of similar cieetrophoretie mobility 
(MCC !> ) was mixed with p53 and there was no coprecipitation 
(Fig. 2, lanes 8 and 9), When an in y/tw-translated His- 175 
mutant form of pS3 was mixed with human MDM2 protein, a 
similar coprecipitation of MDM2 and p53 proteins was also 
observed (data not shown). 

Polyclonal rabbit antibodies were raised against an 
Escherichia cofr-produced human MD.M2-g!utathtone S-trans- 
ferase fusion protein. The anti-MDM2 antibodies im- 
mtinoprecipilated p53 when mixed with MDM2 protein (Fig. 
2, lane 15) but failed to precipitate pS3 alone (Fig. 2, lane 13), 

To establish the chromosomal localization of human MDM2, 
somatic celt hybrids were screened, and a human-hamster 
n s nty human chromosome 12 hybridized to 
the human MDM2 probe. Screening of hybrids containing por- 
tions of chromosome 12 (ref. 16) with the same probe narrowed 
the localization to chromosome 12ql3-14. Because this region 
of chromosome 12 is often aberrant in human sarcomas 1 ', 
southern blot analysis to evaluate whether MDM2 was geneti- 
cally altered in such cancers. We found a striking amplification 
of MDM2 sequences in several of these tumours (see examples 
in Fig. 3, lanes 2, 3 and 5), Of 47 sarcomas analysed, 17 showed 
a S-50-fold MDM2 amplification. These tumours included 7 of 
13 liposarcomas, 7 of 22 malignant fibrous histiocytomas, 3 of 
1 1 osteosarcomas, and 0 of ! rhabdomyosarcoma. Five benign 
soft tissue tumours (lipomas) and seventy-four carcinomas 
(colorectal or gastric) were also analysed by Southern blotting 
and no amplification was seen. 

We next determined whether this gene amplification was 
associated with increased expression. Because of RNA degrada- 
tion in primary sarcomas, only the cell lines couid be produc- 
tively analysed by northern blotting, In the one available sar- 
coma ceil line with MDM2 amplification, a single transcript of 
--5,5 kilobases (kb) was observed (Fig. 4a, lane I), The amount 
of this transcript was much higher than in a sarcoma cell line 
without amplification (Fig. 4a, lane 2) or in 3 earcinoma ceti 
line (Fig. 4a, lane 3). When purified messenger RNA (rather 
than iota! RNA) from the carcinoma ceil line was used for 
analysts, a human MDM2 transcript of 5,5 kb could also be 
observed (Fig. 4a, lane 4). Expression of the MOM 2 RNA in 
the sarcoma with amplification was estimated to be at least 
30-fold higher than that in the other lines examined This was 
consistent with results from western blot analysis. A protein of 
M,~90K was expressed at high levels in the sarcoma cell line 
with MDM2 amplification (Fig. 4ft, lane 3), whereas no 
expression was evident in two sarcoma ceil lines without 
amplification or in the carcinoma eel! line (Fig. 46, lanes ! 5 2 
and 4). Five primary sarcomas were also analysed by western 
blotting. Three primary sarcomas with amplification expressed 
the same sized protein as that in the sarcoma cell line (Fig, 4c, 
Janes )-3), but no protein was observed in the two sarcomas 
without amplification (Fig, 4c, lanes 4 and 5). 

Our results demonstrate that human MDM2 binds to p53 in 
mm and is genetically altered in a significant fraction of the 
most common sarcomas of soft tissue and bone"*' 8 . It is impor- 
tant to note, however, that amplifications in human tumours 
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FK3. 1 Human MQM2 eDNA sequence: 
>. ' u !• f tci MUM? i . .'i 
!m) smJ artvnc-aew !a.a.) sequences 
are compared (singje-tetwt code J. The 
ses enee i ilwwn wtert 

it differs from the corresponding 
human sequence. Asterisks war* the 



METHODS. Pi 
iiited from the human wlcr»e car- 
cinoma celt tine CeCo-2 was uses 
template for the production of ra 



eDNA". The CDMA was llgated to adap- 
tors and then to the lambda YES phage 
vector, uaetaged 3nd stated as 
descrtoed 33 The library was screened 
initially with a 3, P-lHbelied a * fnouse 
. r.o P e int 2S9 to 1.50. 

ref.2! and tften resefeened with a 
taw cDNA clone containir-g 

nt 40 to 703. in total. 25 cfor.es were 
cmamed. p»t:atiy or totally sequrMtftd, 
and mapped. The sequence snown is 



cias;, *w was. sssemoteo from three 
on, 1 i m 1-949), c89(rit467- 
1.737). and c33 fm 390-2.372} The 3' 
end of the untransfatsd t egton has not 
yet been cloned, The 5' ens is !*efy to 
be at or near fit 1 (see text). The mouse 
and human ammo-acid sequences are 
compared from the putative translation 
start site at nt 312 to me conserved 
stop codon a; nt 1.734. This nucleotide 
h » been deposited si we 
EMBL Data Library, accession number 
212020, 




often involve large stretches of the genome, encompassing 300 
to l ,000 kb Other genes in the MDM2 ampficon could 
contribute to, or he responsible for, the growth advantage 
ift< dtrrf fa i " 'ii i eni Nevcrtf less, VI'V'i i 
good candidate for the 'target' of amplification for two reasons. 
First, MDM2 has oncogenic activity after trans feet ion into 
OT3 It i » r t 



growth suppressive effects on a wide variety of human tumour 
types. MDM2 may functionally inactivate p53 in ways similar 
to those employed by vitally encoded oncoproteins such as 
simian virus 40 T antigen, adenovirus E!B arid human papilloma 

i 4 < stent i i v -o 

comas with MDM2 amplification (of five tested) had any of the 
p53 gene mutations that occur commonly in other tumours 
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FtG 2 Ccp.-acipitation of numan MDW2 and p53 «n wfrt>. 
' 1 . ■ • totems *ere ira>e3 as 

i and 1 • , ' bi (mono 1 ) • i <. 
soecif* tor the C terminus of p53i, p53 A02 (monoclonal 
1 1 J p< minus of MDM2 A 

denaf taMM anti-bumart MDM2 antibodies), or serum (preim- 

« 1 ifrom the rabbit that pr eMt 

3i t 3y Lanes 1.4.7. 10 and 14 contain aliouots ©i the 
pt otein mixtures used for rmmurioprecipitaticr.. Band* running 
,»it- 3 .jtc p« n p< r. pt " f- ed > n 

fmemai translation nidation sites. 

f t i 1 A V < x S 

ted m pStuescript SK -( (Strategetwrt from overlapping eONA 
> - ' . tta: x-d the sequence shown in Rg 

1 from nt 31* oZXH A42-bpblaci< ettfevir osomt 
■sewer > ced jmmetfcatety stream of mi 

MOM? sentence n order to obtain Ngh exp'essi&n This 
construct, as wef as pS3 (ret 26) and MIX' 15 constructs 
SK+.were uanscnbed with T7 fiNA polymerase 
reticukseyte iysate (Promegai according to the manufacturer's instructions. 

- • . ■ 13 the three proteins, alone or mixed in pars, was 
intubated .« 37 X for 15mir> 1 (ig {10 u.1) of p53 Abl or Ab2 (Oncogene 
Science) or 5 *i Of rabbit serum containing MDM2 antibody or pfefmrome 
rabbit serum, were added as *d*ated. 90 1*1 RtPA buffer {1 0 mM > r is. pH 7 .5. 

- :s. w ycrwfate,l%NP40.150 mMN3C!.0.l«$DS).SNNTe buffer 1 , 
t e then added and mixtures allowed to incubate 
at 4T for 2 ft. The three buffers produced similar results, although the 




eopreapitation was less efficient in SNKTE buffer (containing 0.5 M NaCt; 
*** id 8} than hog « " 0 1 M NaCI s 6 
9}, Foliowlrtg addition of 2 mg protein A-Sepnerose. m tubes were rotated 
and-over-end at 4 *C for 1 h. After pelleting ma washing, imrnunoprecipitates 
were efectnaorwesed on SQS-pttfyawytamide gels and ttie e-*.; ge)s 
autoraciographed in the presence of Enhance (New England Nuclear). Rabbits 
were immunized" with a giiftsthiofie S transferase [PnarmaciaI-MDM2 fusion 
protein containing human MOM2 from the region corresponding to m 350- 
816. 



FSG. 3 Amplification of the human M0M2 gene in sarcomas. ON.A {5 p.g) 
wa digested with r-ooRf. separated by agarose get electrophoresis and 

it i escribed < r h "i."- 1 a 

human MOM? cO-MA fragment probe (nt J.-S49; Fig 3 J or to a control probe 
thet identifies fragments of simitar sine ipOCC 1.65; ret ' 8) Hyb idizatio 1 
was as previously describee 29 on A was derived from S primary sarcomas 

1 . 1 > ml ,i ii e(OsA-Ct,iant '> v ( > 1 
the seme siied rWOW? fragments were observed in lanes i, 4 and 6. 0NA 
fragment sues are show on the left in Kb. 




MOM <pr o<- a. Northern blot analysis. RNA was separated by 
electrophoresis in a MOPS-forwardehyde gel and efearophoreticaify trans 
ferred to nyton fiite net t > i an wuh ds ossr.nbeit f I f»A 

t - ' ' ent described in Fig. 3 legend. Total RNA 

(10 ^gi was defived, respectively, from two sarcoma cei! tines (OsA-CL, iane 
' tme 'Ceto-2i used W 

*eOKA y{lm ne4 1' 1 " n, p . r - ttedCaC 
RNA. HNA sfees are s.Kown on tne right t b a w< < n b-ot analysis of 
trie sarcoma cell lines fCt3 Oane 1). OsA-Ci (lane 3), HOS (lane 4i, and the 
- 1 2 (h s 2! c Western blot analysis of primary 
sarcomas, lanes 1 to 3 contain protein from sarcomas with .MOW? 
ampfificatiorts, and lanes 4 and 5 contain protein from sarcomas without 
» »r 1 <, ( 1 0M2 antibody 

were performed with 50 ng f^oteio per lane as described 3i , except that 
the memoranes were blocked in 10% non-fat dried milk and 10% goat 
sgfum, af-d secondary anntififlias were coupled to horseradish perotticam 
to allow chemilurr ent det 1 J f 'u\t2 antibccf, was 

iffi lit ^ purif ed with 3 pAW-MDM2 fusion protein using memods described 

m :»f .-. r n 105 r i 1.70K. are sew in 

ail lanes. trrespecSve of MOM2 ampffcation. M0M2 proteins, of M, 90K. 
were observed only in the MDM2-ampiified ttrmours. Protsin marlter sittes 



1 2 3 4 kb 

r'T -7.5 



1 2 3 4 5 




NATJJC • VOt ■ 2 JULY 1392 



LETTERS TO NATURE 



{unpublished results with T, Tokino and D, Sidransky), The 
amplification of MDM2 provides another provocative parallel 
between viral carcinogenesis and the naturally occurring genetic 
alterations underlying sporadic human cancur. □ 
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Wild-type p53 activates 
transcription /*? v#ro 

George Farmer, Jiff Bargonettt, Hua Zhu, 
Paula Friedman, Ron Prywes & Carol Priv< 



THE pS3 protein is an important determinant in human cancer 
and regulates the growth of cells in culture" " 3 . It is known to be 
a segue nee-speet fie UNA-binding protein*** with a powerful activa- 
tion domain* -8 , out Jt has not been established whether it regulates 
transcription directly. Here we show that intact purified wild-type 
human and murine p53 proteins strongly activate transcription in 
wfno. This activation depends on the ability of p53 lo bind to 8 
template hearing a p53-btading sequence. By contrast, tumour- 
derived mutant p53 proteins cannot activate transcription from the 
template at ail, and when complexes to wild-type p53, these 
mutants block transcriptional activation by the wild-type protein. 
Moreover, the simian virus 40 large T antigen inhibits wild-type 
p53 from activating transcription. Our results support a model in 
which p53 directly activates transcription bat this activity can be 
inhibited by mutant pS3 and SV4I) large T antigen through inter- 
action with wild-type p53. 

A DNA-binding immunoassay has been used to screen human 
genomic clones and show that p53 binds specifically to a region 
upstream of the transcription start site for the human ribosoma! 
gene cluster (RGC) 4 . We have confirmed and extended this 
observation by ONase I footprinting and shown that addition 
of irnmunoptirified p53 to a DNA fragment containin g the RGC 
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f>3, i Tbs p53 protem amds specifically to 
a site In the human rioosomet gene dusts?. 
DNA bindifsg was assayed in SO-tii volumes 
containing 40 mM creatine pnosphata, 
pH 7.7.4 mM ATP. 7 mM MgCt-., bovir* serum 
aibumift (0.2 mgtnr 1 } 0,5 rarVt oitMothreitof. 
10 ng carrier piasmsd <pATi53) anc 10 fmol 
of S' 3: 'P-tabel!eO DMA fragment containing 
the ribosomaf gene cluster <RGC} pSS-binding 
site* and eitner no protein (lane a) or increas- 
ing amounts of wSd-tvpe Human p53 in incre- 
ments ot ISng up to 60 ng (lanes c-e). 
ONase 1 treatment of mixtures ana pro- 
cessing of samptss for electrophoresis 
on $% poiyscryiamide ures gels has 
beef i described" Wild- type p53 was 
immune-purified from Sf27 ceils expressing 
a recombinant oscuiovitus, p£V55hwt, using 
the monoofanai antibody Pso421 cr ossiirfcad 



site leads to strong and specific protection of only the RGC 
region (Fig, I), All lu moor- derived mutant pS.i proteins tested 
failed to protect this sequence < j,b. <?f ai„ manuscript in prepar- 
ation). 

To determine whether pS3 can activate transcription m vitro, 
we used as templates the plasmids fostwt and foslmt, which 
contain the human RGC p53 DNA-binding fragment or a 
mutated RGC fragment respectively (Fig. 2a). Three partially 
purified fractions from HeLa cell nuclear extracts were used as 
a source of transcription factors*. RNA products were analysed 
by SI nuclease digestion using specific probes f or each construct. 
Increasing amount 1 -i -..'fated transcription from foslwt 
(compare lanes J -4 with l3«es 5-8). These reaction mixtures 
also included a construct containing an abridged adenovirus 
major late promoter (pMLS; ref. 10} whose transcription was 
not significantly affected by pS3, 

The pS3 prolein activated transcription from another pro- 
moter as well {Fig. 26). Plasroids containing either one or sixteen 
copies of the RGC site, or one mutant RGC site, inserted 
adjacent to the polyoma vims early promoter to create Pytwt, 
Pyl&wt and Pylmt, respectively, were used as templates in 
transcription reactions. We found that pS3 activated transcrip- 
tion of constructs containing the wild-type RGC (lanes 1-9) but 
not the mutant RGC (lanes 10- 12). Diagrams of the templates 
and the test probe used in these experiments arc shown in Fig. 
2c with the expected St nuclease products. 

The high incidence of p53 gene mutations in cancer patients 
suggests that alteration of the norma! function of pS3 is an 
important part of the oncogenic process. Therefore it was of 
interest to examine whether tumour-derived mutant p53 proteins 
ictivate fran caption f h o mi nt p53 pro c't; ? we chose are 
defective in both nonspecific and specific DNA binding 4 - 5 -", so 
providing an opportunity to confirm that. p53 must bind DNA 
to activate transcription. We compared the ability of wild-type 
and two iwmour-derived mutant p53 proteins with mutations at 
either amino acid 175 (His 175) or at amino acid 273 (His 273) 
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Carboxypeptidase M, a widely distributed mem- 
brane-bound carboxypeptidase that can regulate pep- 
tide hormone activity, was purified to homogeneity 
from human placenta (Skidgel, K. A., Davis, ft. M., and 
Tan, F. (IWm *f. BUO. Chern. 264, 2236-2241). The 
NH 2 -terramal 31 amino acids were sequenced, and two. 
complementary oligonucleotide probes were synthe- 
sized and used to isolate a carboxypeptidase M clone 
from a human placental cDNA library- Sequencing of 
the cDNA insert (2009 base pairs) revealed an open 
reading frame of 1317 base pairs coding for a protein 
of 439 residues. The NH^-terminal protein sequence 
matched the deduced amino acid sequence starting 
with residue 14. Hydropathic analysis revealed hydro- 
phobic regions at the NH* and COOH termini. The NH*. 
terminal 13 amino acids probably represent part of the 
signal peptide, and the COOH-terminal hydrophobic 
region may act either as a transmembrane anchor or 
as a signal for attachment to a pbosphatidylinositol 
glyean moiety. The carboxypeptidase M sequence con* 
tains six potential Asn-iinked glyeosylation sites, con- 
sistent with its glycoprotein nature. The sequence of 
carboxypeptidase M was 41% identical with that of the 
active subuait of human plasma carboxypeptidase N, 
41% identical with bovine carboxypeptidase H (car. 
boxypeptidase E, enkephalin eon vert ase), and 13% 
with either bovine pancreatic carboxypeptidase A or 
B. Many of the active site residues identified in car- 
boxy peptidases A and B, Including all of the aanc- 
bindtng residues (2 histidines and a glutamic acid), are 
conserved in carboxypeptidase M. These data indicate 
that all of the metallocarboxypeptidaaes are related, 
bat the nondigestive carboxypeptidases with more spe- 
cialised functions, present in cell membranes, blood 
plasma, or secretory granules (i.e., carboxypeptidase 
M, carboxypeptidase N and carboxypeptidase H), are 
more closely related to each other (41-49% identity) 
than they are to carboxypeptidase A or B (15-20% 
identity), 



Carboxypeptidases which specifically remove COOH-ter- 
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xainal basic amino acids (Arg or Lys) nave important func- 
tion* in many biological processes, including protein diges- 
tion, activation, inactivation or modulation of peptide hor- 
mone activity, and alteration of the physical properties of 
proteins and enayroes (1). The actual role that the various 
mammalian arginine/iystne carboxypeptidases play in vivo is 
probably related to their localization as well as their physical 
properties, For example, pancreatic carboaypaptidase B (EC 
3.4.17.2) is not normally found outside the pancreas or small 
intestine, except in cases of acute pancreatitis when low le vels 
can be detected in blood (2), The half-life of carboxypeptidase 
B injected into the bloodstream is on the order of minutes (3) 
because of its low molecular weight and lack of glycosylation 
consistent, with its major function in protein and peptide 
degradation in the digestive tract. In contrast, human plasma 
carboxypeptidase K (kininase I, anaphyiatoxin inactivate*, 
aigimne carboxypeptidase, EC 3.-1. 17.3) circulates in plasma 
as a large {M, = 280,000) tetramenc complex of two active 
subunits (M, — 48,000-55,000) and two glycosylated inactive 
subunits (M, = 83,000) which stabilize the active subunits 
and keep them in the circulation (4-6). One of the functions 
of carboxypeptidase N is to protect the body from potent 
vasoactive and inflammatory peptides containing COQH-ter- 
minal Arg or Lys (e.g. kinins, anaphyiatoxins) which are 
released into the circulation (1, 4, ?). 

Csrboxypepttdase K (also known as enkephalin eonvertase 
or carboxypeptidase E, EC 3.4.17.10) is an arginine/lysine 
carboxypeptidase with an acid pH optimum and is located in 
secretory granules of pancreatic islets, adrenal gland, pitui- 
tary, and brain (8-12). This enzyme probably removes the 
residua] COOH-termma! Arg or Lys remaining after initial 
endoprotease cleavage during prohormone piwessing at the 
intragranular acid pH (1, 12). 

Carboxypeptidase M is a membrane- bound arginine/lysine 
carboxypeptidase found in many tissues and cultured cells (1 , 
13-15). It was recently purified to homogeneity from human 
placenta (16). Because of its presence on plasma membranes 
and optimal activity at neutral pH, it is ideally situated to act 
on peptide hormones at local tissue sites where it could control 
their activity before or after interaction with specific plasma 
membrane receptors (1). Here we report the cloning and 
sequencing of the cDNA for human carboxypeptidase M. The 
results show that carboxypeptidase M is a unique enzyme 
which exhibits similarity to carboxypeptidases A, 8, H, and 
N, and its sequence is consistent with the properties we 
determined for the purified protein (18). 

EXPERIMENTAL PROCEDURES 
Materials— Restriction enzymes wore purchased from Boehringer 
Mannheim or New England Biolafcs, b- M P)ATP and "S-dATPwew 
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from Amersham Corp., and nitroeeliuioae filters were from Schleicher 
& SchueJI, Alt other solvents and chemicals were of reagent gmde or 
better. 

Purification ami NH r terminal Sequence Analysis of Human Cf- 
haxypeptidase, M~- CarboxypeptidBse M was purified to homogeneity 
from human placental microvilli as described (IS) b\, i 
column chromatography on DEAE-Trisacryi, Q-Sepharose, argtnine- 
Sepharose, and Mono-Q HR in nigh performance liquid chromatog- 
raphy. Samples {50-40 «g) of native carbcxypeptidsse M and carbox- 
ypeptidase M reduced with dithkstnreitoi and alkylated with vinyl 
pyridine (17} were dialyxed against 5% acetic ac d imc subjected to 
sequencing on an Appiicc . qyerwior (model 4??), 

Oligonucleotide Synthesis and labeling— Oligonucleoudea used for 
i cD> I a ud for sequencing were t> nthesiwd on an 

Applied BSosyatems modal 3S0B DNA synthesiser. After complete 
deproteelion, oligonucleotide probes used for (screening were further 
purified by electrophoresis and elution from W% poiyacrylamide- 
urea gels and then S' end-labeled with f7- ai PJATP using T4* polynu- 
cleotide iutum (.18}. 

Strewing afcDNA Libraries — Two hurnfln placental cDNA librar- 
ies, a AgtlG library obtained from Or. P. Seehurg of Genentech, and 
a Agin library purchased from Clontech, Feb Alto, C-A, were screened 
using standard techniques ( IS) with two labeled synthetic oligonucle- 
otide probes complementary to two adjacent regions of the NH V - 
termirud smtno acid sequence. Triplicate fitter lifts were made from 
each plate and hybridised with each probe separately or with a 
mixture of both probes. 

i i oiBrjues »c t 

purified by rescreeniiig at low density, and DNA was prepared by the 
plate lysis method (18). The DNA was cleaved with ScoRI, the 2- 
fciiobase pair i kr » * r *as { ni ! =s f H^ e g« >ctroph csis 
and then aubeloned into the £eoJtt site of PGEM4Z or Ml3»pl8. 
Large-scale preparation of piasmid or phage DNA was performed as 
described {18}. Hin&ll restriction fragments (840, ?.40, and 1170 ba»e 
l i (be er • i agaro* eft *n phort-s s and auhcloried 
into the BcaTil/Hmm site of Ml3tnpl8 (19), Single -stranded DNA 
" ep ! t - j d wing t.h way chain tenoinati 

i etuod (19) emp in !-dATP (1.000 Ci/ramoi, Du Pont-New 
England Nuclear} and Sequenase (United States Biochemical Corp., 
Cleveland, OH) according to the manufacturer's i ratructiom. in some 
regions, specific synthetic oligonucleotides were used to prime the 
chain termination reaction. The c!>N A clone for earboxypeptidase M 

i ' e sequenced i both - a. Nucif i and a ,u 
acid wnatflCfw were aruuv7.ed with the UNASTAit software package 
(DNASTAR, Madison, WI). 

Northern Analysis — Total RNA was isolated from human placenta, 
kidney, and liver by the guanidine thiocyanate method (19). The 
RN A (20 *$) was ssepatated by electrophoresis on e 1.2% agarose gel 
( • ( . . ■ , ' ' i !ti 'red tu nitrocellulose, 

and hybridised using a nkfs-translated "P-Isbcicd mixture Of the 240- 
and 64«-bp ffmdlil restriction fragments of carboxypeptidaae M 

N h S i< pi^enta!rwiy(A*)mRNAwfiaisolat8dfromtotaf 
h\ *w , i k (d 1 cellulose chromotogrsphy (ia) end 9.1-1 tig used 
in the Northern analysis as above. 



RESULTS AND IHSCtiSSlON 

NHfterminal Sequencing and Isolation of a Clone Encoding 
Human Carboxypeptidase M— Human carboxypsptidase M 
wag purified from placenta, nnd the following sequence of the 
first 31 amino acids waa obtained on a gas-phase secjuenator: 
Leu-Asp-Phe-ABn-'lVHie-Arg-Gln-GJu-Gly-Met-Ciu-Abi- 
Phe-Uu-Lys-Tht-Val-Ala-Gln-Xoa-Tyr-Ser-Scr-Ve! Thr- 
HiB-Leu-His-Ser-Iie, No amino acid was detected at position 
21, probably due to the presence of a glycosylated asparagine 
residue (see below). Two oligonucleotide probes (l?-me», 
each with 32-fold degeneracy), complementary to adjacent 
regions of the NHs-termir.al sequence were syntheswed: 5' 
GA(C/T)TT(C,T}AA{C/T)TA(C/T)CA(C/T)CG 3', corre- 
sponding to Asp'-Alg 7 , and 5' CA£G/A)GA(G/A)GG(A/G/C/ 
T)ATGGA{G/A)GC 3', corresponding to Gin* -Ala". These 
prohea were iabeled with [7 -^P I ATP and used to screen 
approximately 500,000 plaques From the two human placental 



1 The abbreviations used arer Jsb, kiiobsae pair; bp, base pairs. 



cDNA libraries. From the initial screening, two positive clones 
which hybridized with both probes were obtained- XCPM, and 
XCPMs, Both clones contained a 2-kb insert, gave identical 
restriction maps with BamHI and Hindi!!, and were therefore 
con side ted to be the same. All further work was carried out 
using XCPM,, 

Sequence Analysis, of Human Carboxypeptidase M cDNA— 
The cDNA was sequenced completely in both strands using 
the strategy outlined in Fig. I. Sequence analysis revealed the 
insert, is 2009 bp long with an open reading frame of 1 317 bp 
coding for a protein of 439 amino acids (Fig. 2). The cDNA 
did not contain the initiator Met, but the amino acid sequence 
predicted by the cDNA matches exactly the partial NH,- 
terminai protein sequence determined for eeiboxypepttdase 
M, indicating the done is authentic and that it codes for the 
entire mature protein. Hydropathic analysis of the sequence 
reveals two hydrophobic regions; one at the NH a terminus 
and one at the COOH terminus (Fig. 3). The NHs-t«rrt)irsai 
13 arnirto acids probably represent a portion of the signal 
peptide, as the NEj-termina! sequence of the mature protein 
does not contain this sequence {Figs. 2 and 4). In addition, as 
was shown for other signal peptides (20), it is hydrophobic 
and contains amino acids with small side chains at the -1 
and -3 positions relative to the potential signal peptidase 
cleavage sit* (Fig. 2). Thus, the mature protein would consist 
of 426 residues with a calculated molecular weight of 48,709, 
irs good agreement with the value of 47,600 ± 1 ,000 determined 
for deglycosylated carbosypeptidase M in sodium dodecyl 
sulfate-polyacryiamide gel electrophoresis (16). 

Potential Membrane Binding Region— Carboxypeptidase M 
is tightly bound to plasma membranes in various tissues and 
cells (1, 13-15). As a membrane enzyme, it could be anchored 
by either a hydrophobic transmembrane segment or by cova- 
lent. attachment to phosphatidylinosttol-glycan (21-23). Be- 
cause the NHs-termtna! hydrophobic sequence is a cleaved 
signal peptide, the COOH-terminal hydrophobic region (res- 
idues 411-425) is tie most likely domain to function as either 
a membrane anchor or as a signal for pbospbatidylinositol 
glycan attachment (Figs. 2 and 3). This stretch of 15 residues 
is flanked by charged lysines (Figs, 2 and 4) as is common 
with membrane-spanning domains, but it is somewhat shorter 
tb&n the putative sequence of 20 hydrophobic and uncharged 
amino acids thought to be necessary to span the membrane 
as an a helix (21). However, et least two other membrane- 
bound proteins, the fi suhumf. of the T-eell antigen receptor 
(24) and angiotensin I-convertmg enzyme (26) contain 
COOH-terminal membrane-spanntng regions of only 17 
amino acids, and deletion mutation studies of stomatitis virus 
glycoprotein (26) and bacteriophage ff gene III protein (27) 
hove shown that a stretch of 12-14 amino acids is sufficient 
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Fig, 1. Restriction map and sejjwmemg strategy of the ear- 
bwaypepttoaae M cONA close. The 2.0-Ub insert is shown with 
the coding region represented by the cpen rcetartgie. Arrows show the 
origins and directions of sequencing. Arrows with asterisks indicate 



primers. 
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Fig. 3. Hydropathic analysis of the deduced amino acid se- 
quence of human carboxypeptidase M. The hydraphnbictty of 
ckrboxypeptidase M was determined according to the method of Kyle 
and Doolittle {36) using a winefew of 15 residues. Tracings above the 
center line Indicate hydrophobic regions &nti below the lira, hydro- 
phtlic regions. 




. Pic. 2. The nucleotide sequence encoding human carbexy- 
peptidase M and the deduced amino acid sequence. The amino 
acid sequence is numbered from -13 to 428. The arrow denotes the 
uite of cleavage of the signal peptide based on the NHrterrnina! 
sequence determined for the purified protein {underlined with a solid 
line). Potential N-Knk«dglycoaylation sites ere boned. Putative active 
site residues are marked with asterisks (see text). The COOH-terrni- 
nal hydrophobic sequence is indicated by the dashed underiine. 

to span the membrane and anchor the proteins. Three expla- 
nations for these observations have been proposed (26, 27); 

1) the shorter (less than 20 residues) hydrophobic segments 
could exist in a conformation more extended than an a helix; 

2) the membrane may be locally deformed to accommodate a 
shorter « helix; 3) charged amino acids are also buried in the 
lipid bilayer. Alternatively, as has been shown for all phos- 
phatidytinositol-glycart anchored proteins that have beers se- 
quenced (22, 23), the COOH -terminal hydrophobic region may 
serve to temporarily anchor carboxypeptida** M in tie mem- 
brane of the rough endoplasmic reticulum followed by removal 
of the hydrophobic tall during attachment to a phosphatidyl- 
mositol-glycan anchor. 

The amino acid sequence alone cannot distinguish between 
the two possible modes of membrane attachment. We have 
preliminary evidence {not shown) which indicates that car- 
boxypeptidase M in the placenta is attached via a phospha- 
tidylinositol-giycan tall, whereas a previous study concluded 
that carboxypeptidase M in pig or human kidney microviuar 



FiO. 4. Schematic diagram of the sequence of human car- 
boscypeptidase M. Important amino acid residues are numbered and 
shown in single letter code. Putative zinc binding, substrate binding, 
and catalytic residues ere labeled. The hatched areas denote regions 
of significant hydrophobicity, Potential asparsgine-Jirilied glyeosyla- 



s not anchored in this fashion (28). Although 
this could be due to the presence of a pha&phatidylirsositoi- 
glycan anchor that is resistant to phosphclipase C in the 



to be glycosylated by amino acid sequent ■ 



kidney, it is now known that some proteins (e.g. acetylchoSin- 
estersse, neural celi adhesion molecule} can be bound to the 
plasma membrane by more than one type of anchor {22, 23). 
These different forms are presumed to arise via alternative 
RNA processing which yields mRNAs with different 3' exons. 
Consistent with this possibility, in the case of carboxypepti- 
dase M, is the presence of a 5.1 -kh toRNA species in human 
kidney which is not present in the placenta as determined by 
Northern analysis (sec below). 

Potential N-gfycosylation Sties— Carboxypeptidase M is a 
glycoprotein as determined by its binding to concanavsJin A 
and reduction in size after chemical deglycosylation (16), 
Carbosypeptidase M contains about 23% carbohydrate by 
weight (16), Consistent with these findings is the presence of 
sis potential A' glycosylation sites ( Aen -Xaa-Ser/Thr) in the 
predicted protein sequence (Figs. 2 and 4). During NH S - 
terrainai protein sequencing, no amino acid was found at 
position 21, one of the predicted glycosylation sites, indicating 
this a^mragine is glycosylated. 

Northern Analysis — A Northern blot of RNA isolated from 
human liver, kidney, and placenta was probed with b ;,i P- 
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Table I 

Amino acvd sequence identity of mammalian carboxypeptidases 
The values given are p^r u ■'■ - by divi ig thi 

number o> U • L w i a:,a_. ir the 

longer of the two sequence compared. Abbreviations: H, human; B, 
bovine, CP, cartxjj PN r* to the sequence of the 

active agbumt o f human wr^x y peptidaae N. ^ 

H-CPM H-CPN B-CPH 8-CPS S CPA 

% , 

H-CPM 41 41 15 15 

H-CPN 49 17 19 

B-CPH n 30 

B-CPB 48 



sequence of the active subunit of human carboxypeptidase N 
(32) and to the full sequence (deduced from the eDNA) 
published recently (33). Fig. 6 shows the alignment of the five 
carboxypeptidases. The overall identity of human carboxy- 
peptidase M was highest (41%) with bovine carboxypeptidase 
H and the active subunit of human plasma carboxypeptidase 
N, whereas the identity with bovine pancreatic carboxypep- 
tidase A or B was much less (Table I). Certain regions ate 
highly conserved (69-93% identity) between carboxypepti- 
dases M, N, and H. These are residues 57-75, 100-114, 126- 
141, 166-184, and 258-276 (numbered according to carboxy- 
peptidase M; Fig, 6). Most of these regions contain residues 
which correspond to active site residues identified in bovine 
carboxypeptidases A and B. Thus, the three zinc-binding 

- , (B , i , and His" 1 * in carboxypeptidase A), two 
of the substrate-binding residues (Arg ,<!> and Tyr"*>, and the 
catalytic glutamic acid (Glu i: ") are strictly conserved in all of 
the carboxypeptidases (Fig. 65. Other residues presumed to be 
involved in catalysis, such as Set"' and Tyr ,9S of bovine 
carboxypeptidase A, are not conserved in carboxypeptidases 
M, N, and H which ail contain glycine residues in these 
positions (Fig. 6). However, it was proposed for a recent model 
of carboxypeptidase A (34) that the carbonyl oxygen of Ser : 
functions to stabilise the tetrahedrat intermediate of the 
substrate and that the side chains of Ser'* f and Tyr m are not 
involved in catalysis. Thus, the carbonyi oxygen of Gly may 
be able to fulfill this role in carboxypeptidases M, N, and H. 
In carboxypeptidase A, Arg" v is thought to polarize t he scissile 
carbonyl group in the substrate (34). Carboxypeptidases M, 
N, and H contain Lys in this position {Fig. 6) which may have 
the same function. Because carboxypeptidases 8, M, N, and 
H all specifically cleave COOH-terminal basic amino acids 
{Arg or Lys), a negatively charged active site residue would 
be required to bind the positis'ely charged substrate side chain, 
in carboxypeptidase 8, the substrate side-chain-binding res- 
idue is Asp-* 1 . Although carboxypeptidases M, N, and H have 
Gin in this position (which could not function in the same 
way), all three enzymes contain Asp as the next residue, which 
might serve the same role (Fig. 6). 

The regions of sequence identity between carboxypepti- 
dases M, N, and H are spread throughout the proteins with 
one exception: the COOH-terminal regions have essentially 
no similarity (Fig. 6), This is probably due to the differences 
in distribution and functions of the enzymes. As stated above, 
the COOH-terminal part of carboxypeptidase M probably 
serves as either a transmembrane anchor or as a signal for 
attachment to phosphatidytinositol glycan, whereas in car- 
boxypeptidase H the COOH-terminal portion may mediate 
binding to p-anule <r>f . rrr,!i<' an arnphipathie 

helix (31), In carboxypeptidase N, the COOH-terminal region 
contains many basic residues which can explain the rapid 
conversion of the M, * 55,000 form of the active subunit to 
an M, ~ 48,000 form by various serine proteases (5, 6, 33). 



When the sequence identities of all five carboxypeptidases 
are compared {Table I), they can be divided into two groups: 
I) the digestive carboxj-peptidases A and B and 2) carboxy- 
peptidases H, M, end N which are present in secretory gran- 
ules, cell membranes, or blood plasma and thus have different 
functions. The sequence identity of the emtymes within each 
group ranges from 41 to 49%, whereas the sequence identity 
between the two groups is only 15-20% (Table 1). Thus, it is 
possible that an an< <.-.i> * sypej i-dase gene duplicated 

and diverged to evolve into two separate precursor genes, one 
of which gave rise to carboxypeptidases A and B and the other 
to carboxypeptidases H, M, and N, A second carboxypeptidase 
A-type enzyme was recently discovered in rat pancreas which 
has 63% sequence identity with either rat or bovine carboxy- 
peptidase A, but so far it has not been found in any other 
species (95). Although r.arbo ^peptidases A and B participate 
in protein and peptide degradation in the digestive tract, 
carboxypeptidases H, M, and N have evolved to perform more 
specialized functions. These include prohormone processing 
in the acid environment of secretory granules (carboxypepti- 
dase H) or regulation of peptide hormone activity at neutral 
pH. in the blood (carboxypeptidase N) or at the ceil surface 
(carboxypeptidase M) (1, 4, 12). 

Ackmu'tetigments—We thank Paul Gardner for synthesizing the 
oligonucleotides u»eri t>nd Dr Ervin 0, Erdos for em-ourflfrstnent and 
helpful discussions. 
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Carboxypeptidase M Is Identical to the MA3L1 Antigen and Its 
Expression Is Associated with Monocyte to Macrophage 
Differentiation* 
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The two monoclonal antibodies MAX.1 and MAX.lt 
recognize cell surface antigens that are almost undetect- 
able on monocytes hut highly expressed on differenti- 
ated macrophages. Biochemical characterization re- 
vealed that both antibodies detect the same 68-84-kDa 
glycoprotein anchored to the plasma membrane by gty- 
cosyl-pbospbatidyiinositol linkage. We purified the 
MAX.1/11 antigen by imtnunoaffi nity chromatography 
using monoclonal antibody MAX.11, The NH^termin&l 
amino acid sequence was determined and turned out to 
be identical to the NH s -terminal sequence of the mem- 
brane-bound carboxypeptidase M. By precipitation with 
antibodies MAX.! and MAX.11, membrane preparations 
of macrophages and placental microvilli were almost 
completely depleted of enzyme activity, indicating that 
the two antibodies indeed recognize carboxypeptidase 
M, Immuno reactivity of both antibodies correlates with 
the reported tissue distribution of easynte activity. Ex- 
pression of carboxypeptidase M on mRNA level and en- 
zymatic activity markedly increase during in vitro dif- 
ferentiation of monocytes, according to the described 
increase in MAX.1 and MAX.11 antigen expression. 
Moreover, in vitro differentiated macrophages show the 
highest specific activity yet described in any tissue. In 
addition, carboxypeptidase M expression could be de- 
tected in HL-60, U9S7, and THP-l myeloid cell lines. 
Vitamin IV induced monocytic differentiation resulted 
in an increased carboxypeptidase M expression in all 
three cell lines. Further studies are needed to elucidate 
the functional role of carboxypeptidase M during mono- 
cytic differentiation and activation. 



Macrophages (MAC) 1 are believed to be the mature effector 
cells of the mononuclear phagocyte lineage. They participate in 
both specific and nonspecific immune responses (3 } and play a 
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critical rote in extracellular matrix remodeling and wound 
healing (2). Their differentiation from bone marrow precursors 
via circulating blood monocytes (MO) is a muitistep process 
that is only partially understood (3, 4). 

Peripheral blood MO provide the common source of MAC. 
Arbitrarily, or in response to bo far unknown signals, they 
infiltrate tisanes and body cavities. There, probably depending 
on the microenvirontnent and tissue-specific factors, they de- 
velop into different types of MAC with functions) heterogeneity 
(4, 5). Under in oitro conditions a similar process of maturation 
from human blood MO to MAC. accompanied by specific 
changes of morphological, cyiochenucal, phenotypic, and func- 
tional properties can be observed (6, ?). Several ceil surface 
antigens are commonly used as phenotypic markers; for exam- 
ple, the low affinity Fc receptor (CD16), the a-ehain of the 
vitronectin receptor (CD51), the transferrin receptor (CD71), 
and endoglin (CD106) are preferentially detectable on mature 
MAC, whereas the B148.4 antigen is mainly expressed an 
peripheral bitted MO (8). 

The two monoclonal antibodies MAX.1 and MAX. 11 have 
originally been developed to detect lineage-restricted antigens 
specific for late differentiation stages of the mononu clear phag- 
ocyte lineage {91, During.- < 1 o A&\ enti ti n of human blood 
MO, surface expression of MAX.1 and MAX.11 antigen is in- 
creasing from low or undetectable levels on MO to a high 
expression level on MAC (after cultivation for 7 days in the 
presence of serum) (9). In vino, MAC in serous cavities {e.g. 
pleural and peritoneal cavity and alveolar space) express 
MAX.1 and MAX.11 antigen in a heterogeneous pattern, 
whereas tissue MAC from various organs express them at a low 
level (10). 

We purified MAX.1 and MAX. 11 antigen by immunoaffinity 
chromatography from the snpernatants of phosphatidyUnoai- 
wi-specific phospholipese C (PI-PLC)-tieated, in. viiro differen- 
tiated MAC. After NH 2 -terminal sequencing we identified car- 
bosypeptidase M (CPM) as the antigen detected by both 
antibodies MAX.1 and MAX.11. CPM cleaves COOH-terrainal 
arginine or lysine from peptides and proteins {11}, and it is 
known to be anchored to the plasma membrane by glyeo- 
sylphosphatidylinositoi linkage { 12). Because of its presence on 
plasma membranes and an optimal activity at neutral pH, 
CPM may participate in modulation of peptide hormone activ- 
ity (s.g. kinins and enkephalin hexspeptides), or inactivatton of 
peptides leg turon^ md t iphylatoxii » ^ tissue sites 
(11, 13). Here we report a detailed study of CPM expression 
during in vitro differentiation of human blood MO. Further- 
more, human myeloid leukemia eel! lines appear to correspond 
with different immature stages of myeloid differentiation. The 
human myeloid leukemia cell lines THP-l, U837, and HL-60 
differentiate into MO/MAC like cells when they are treated 
with :i,2E'OH) a D s ) (1.4-16), and this effect is mediated 
through the vitamin D 3 receptor (17). We investigated expres- 
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sior. of CPM on th*» myeloid ceil lines, and since the induction 
of MAX. 1/21 antigen CPM during monocytic differentiation 
with 1,25<0H> 3 D 3 has been reported previously (IS), we further 
an died the regulation of the expression of CPM during the 
process of J,25(OH) s D 3 -induced differentiation of THP-i, 
TJ937. and HL-60 cell lines. 

MATERIALS AND METHODS 

Antibodies ami Chzmicalii—The mAbs MAX J and MAX.il were 
purified front hybridoma superoatants by ammonium sulfate precipi- 
tator: (65%) followed by protein. G-Sepharose chromatography. The 
purity sod immunologic' reactivity of both antibodies was documented 
by SDS-PAGE and immunoperoxidsse staining, respectively. Two 
CDM mAtw 'KV S2 ■ « unmunotetb, Hamburg, Germany, and 

e< r, < ] J Gem , and a CBlU: mAb (fiiiu- 
Leu-MS, Becton Dickinson. San Jose, CAS were used as control antibod- 
ies for immunoprecipitations and FACS analysis. 

All chemical reagents used were purchased from Sigma unless ot.h- 

Cetfa— -Peripheral blood mononuclear cells were separated by leuka- 
pheresis of healthy donors, followed by density gradient, centrifugatirin 
over FicoiVRypsque. MO were isolated from mononuclear cells by eoun- 
tereurrent eentrirogfll eiutriatseo in a J6M-E centrifuge (BeckmatS, 
Miinehen, Germany) as described previously U9). MO were >90% pure 
as determined by morphology and expression oFCD 14 antigen. Isolated 
MO were cultured sn KPMT 1840 medium (Bsochrom KG, Berlin. Ger- 
many} supplemented with vitamins, antibiotics, pyruvate, nonessential 

i la (at! » f » s It f, rcapt 

ethanol, and with 2% human pooled AB-group serum on Teflon toils for 
a period of up to 8 days (19). The human monocytic cell lines THP-l, 
US37, tod ffL-fiO were grown in culture in RPMI 1640 medium supple- 
mented with 10% fetal calf serum ( Life Technologies, inc.) until used for 
experiment*. ) /25tOHi.X\ was provided by Hofftjwn-ta Roche, Treat- 
ment with r < performed at rtcerrtratioa of 1 
for 72 h. 

Sur/see Bimiftylatian — Ceils were surface-labeled using biotin as 
< < - .1 H80.SU Briefly, 1-5 >: Iff' cells were labeled in 1 mi of PBS 
containing 100 jig/ml 6-( * J-bintinylamiidolieiaiioic acid JV-hydroxysul- 
fbsuecinimida ester sodium salt (NHSS-LC-biotin, Sorva, Heidelberg, 
i i 5 m - alure. U,l f > r i » by i 

. , '■" I , ,i final concentration of 10 mM, and cells ware 
washed twice with PBS. 

Treatment with M-PLC—1 x 10 s cells/ml were suspended in PBS 
containing 0,2 unitafmS PI-PLC (BoehringcT Mannheim, Germany) end 
incubated for 1 h at 37 "C on 3 rotating mixer. The resulting Superna- 
tant was collected by ceutrffugation and kept at 4 °C until used. 

fttet-.n-lebeled cells were reauspended in 500 
/J of Iris-buffered saline containing 20 mM TrisjHCI, pH 8.0, ISO roM 
NsCl, 1 tiffl SOTA, 1 ttw pbenylraethySsttifonyl fluoride, 2 pg/m! apro- 
tinin (Boehringer Mannheim), and 0.5 us/ml leupeptin (Boehringer 
Mannhe oil and sohibiiixed by the Addition of 500 fit of lysis buffer 
containing 1* Nonidet P-40 (Boehringer Mannheim) and 1% bovine 
serum albumin in Tria-buffered saline. Lysis was performed for 45 min 
on ice, and then nuclei and cell debris were removed by centrinigation 
(12,000 x g, 4 *C, 30 min) Supematents from celt lysis or Pf-PLC 
!» v it a t* 50 d of protein G-Sepharose {Pharma- 
cia. Biotech Inc.) overnight at 4 "'C on a rotating mixer. Irnmunoprecipi- 
ration was done by incubating the precteared supernatant with monc- 

lonal antibodies flO jig/in i if i 

of protein G-Sephato»e for 4S min on a rotating milter. Sepharose 
pellets were washed fivb tiroes with ice-cold Tris-buffered aalir.e. sns- 

* ' i i ti j j t , If > i » i 

described below, or stored at -20 X. 

Immuntsaflinity Purification—*. 2-ral immunoaffsnity eohttrin {3 
i' s r \ J i , <-V-a i » , , , lydroxysu f 

ester Sepharase) was E<5uilibroted witb binding buffer (1:1 mixtare 
of PBS and TSS buffer (O.01 M Tri*TlCl, pH 8.0, 150 im NaCi, 
■ lidet P-40, 0.5% sodium dtaoxychclate)) SupernaUutt from 
Pl-PLC-treated MAC diluted 1:2 with TSS buffer, was applied to the 
column. After sample loading the column wax washed with B column 
volume* of each of the following buffers: TSS buffer, Tna buffer, pH 8,0 
, )mM jvi B hc , pH 1 't : i NaCl), and TriE buffer. pM 9.0 (50 mM 
It. MC pH <• 0.5 s» Nat «aK - It indti - ! on *as lot. * 
with SO rata trietbsnolmntn/KaOH, pH 11.5, 0.1% Noridet P-40, and 
i i * i In » i iix J n i ral scd with 0.2 

volumes of 50 mH sodium phosphate, pH 6.3, 0.1% Nonidot P-40, and 
150 row n&Cl Eltiates were analysed by SDS-PAGE to identify frac- 



tions cooteining purified antigen. 

Glycosidas* Tnatmeni — ^Deglycosylation of imtaunopreci piloted pro- 
i pled to the protein O-S m- ed was » - 

wtti IF-wa bu .ium phosphate. 10 nun EDTA.pH 7 0! 

jn-t elutio ' p- ti ns from the protein G besda by boiling in 50 j*l of 
NGF buffer (20 szm soditiai phosphate, 10 mM EOT » - , , 

> i i J" S0S was neutralised by the add:' > 

if JO'S, r dodecjl maltostde, and aupematant was ineobawd at 3? "C 
aoth i ' ' ' 1 »'l 'side ! » »ehri r T Vf^n > - v t 

tematively, etuted protein from imrounosfftnity poritkatiort was dia- 
fyzed against NGF-wosh buffer, SDS and 0-mercaptoethanol were 
idded to a final concentrati 1 »ch. and notation i i 
SDS was nentr«l«ed by addition of 50 pi of 20% n-dodecyi maltoside 
i.B(«hringe!' MannhcimyiOO ftl solution and incubated at 3?*C with 
,i - might glycosylated protei 

pitste it i liaool-'chloroforro as described <24). 

: • ' ' 4 • Samples tram immunopreopita- 

tion were elertrophoresed on 12% SDS-polyscrylamide gels u ' i 
ducing conditions (82, 23; along with biofanylated moiecnter weight 
marker prstesns t'Bio-Sad) and transrerred to nitrocellulose membranes 
■ Schleicher & Sehuei!) for 1 h at 0.8 mA/cm* <2Rj. Membranes were 
blocked orernight at 4 °C in blocking solution (20 mMTri&'JICI, pH 7.4, 
150 &>i NaCi} containing 5% bovine serum albumin. After washing 
with 0.1% Tween-20 in blocking solution the membrane was incubated 
for 1 h at room temperature with a atreptavidjn-biotmyiated horserad- 
ish peroxidase complex (Amersham UK; diluted 1:2,500 in blocking 
solution containing 5* bovine serum albumin). After extensive wash- 
ing, biotinylated proteins on the mtroceliuluse nMonbrone were visual- 
ised by the enhanced chemiluminescence detection system (ECL) of 

tinytatad MAX.ll immuno- 
affinity -purified protein was subjeeted to SDS-PAGE (12* polyacryl- 
amide gels, redueing conditions) after deglyooaylation and methanol/ 
-rt<iti r I — - pm j i' lion and rV 1 tc i d,-\im « t- ' f 
membrane (MiUinore, Kschborn, Germany). After et.a.tmng with Corr 
maasie Blue, a specific band was cut and subjected to an Applied 
Biosystems protein sseQsierseer (mode) 4??A, with an online PTH-an»- 
lyrer (model 120A). 

Membrane Fnaetianalton aid Ewyme Assay -For determination of 
enzymatic activity membranes of washed ceils or placental microvilli 
were prepared by Don i lomogeniza ti k i.old PBS u Uming 1 
mMpkenyinitth fb luoride. Cell de ris and nuclei were removed 
by centrifugstion (1,600 z g, 4 °C, 15 mini, and crude membrane 
preparations were either processed immediately or stored at -20 "C. 
After centrifugation at 6,000 X g for 15 min at 4 "C to remove debris, 
membrane fragments were further separated by ultracentrifugBtion at 
100,000 x g for .1 h at 4 X. The pellet wss washed with 2 m ffaCl 
followed by recentrifugation. The washed pellet was reauspended in 
PBS containing 0.2% Nomdot P-40, and insoluble materia! was re- 
moved ht cenini s OOi (.it PM activ y was 
measured with danayi-Ala-Arg {BioTeZ, Berlin, Germany) as a sub- 
strate in a HiteEht F-2000 fluorescence spectrophotometer at 340 nm 
excitation end 495 nm emission as described (38). In control reactions 
CPM activity waa inhibited by 10 M 2-mercaptom*%l-^-gua.nidinoeth- 
yitbiopropanoie acid (Caibiochem). 

Protein Assay—The protein concsntrations were determined using 
bictochnnink acid according to the described procedure {271 with albu- 
min as the standard. 

tinmunofluarescm! Flout Cytometry — Freshly isolated MO or cul- 
t ed ofdla were •* hed t» with >id "B-i cot < ^ < v " 
noglobulm (Sandoi Phsrma AG, Base!, Switzerland^ and 5 x 10 n ceils 
were incubated with saturating amounte of specific mAbs or IgG isotype 

mt.ro < i > i I i hi Ej t h. West Sn> i" r i n i 
After two further waahes, colls were incubated with saturating concen- 
rat ! if fluorescein isothiocyanate-conjugated goat anti-mou»e IgG 
(Jtukscu rmmur.oReaearchJ for SO min at 4 C C. After two more washes, 
cells were feed with 1% paroformeldhyde in FBS, Analysis was per- 
formed using a FACScan (Becton-Dickinson). Celi populations were 
gated according to their forward and side scattering. 

PCH Amplification of CPM effiVA— Synthetic oligonucleotide? de- 
signed according to the CPM nucleotide sequence (13) ware used for 
PCR amplification of cDNA prepared from mRNA of in vitro differen- 
tiated MAC. The sense primer o'-TTTCAACTACCACCGCCAGGAA- 
U I rresponded tc nucleLtides 45-68, and the sntlsense primer 
£ v< ' > i 1 rCAAAAGACTCACTAAAAATAA-3 ' corresponded to n ucleo - 
tides 1282-1307. Conditions for PCR amplification were 05 "C for I 
rain, S4 «C for 45 s, and 72 »C for 1.5 mm repeated for 35 cycles The 
amptified PCS product was inserted into a piasmid vector (Ta Cloning 
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i-V,. ! Biochemical characterisation of MAX.l nnrfMAX.lt «n- 
ti»< > 51 • id ■ ^ * ) ctienofi « n , ( . 

obtained from iywies «A and »> »r Pt-PbC.swpcn...t»m.<> ofbwtia mir- 
face-labeled of r{fre if.ttiinjnlisuftit'MAC (O with ih* following afittiwd. 
ies: Ct>l k mAb ami U» MS IWs / -/, and «,Ab MAX, ] 2, 

i s 1 iv ! CI i d 1 f 

71. H, immunuprccipilalos were treated with Af-glycosidasc' F before 
Ih-Io,- i.iihjee'.ari tn Sfi8-1 J AC.F 

Kit. Inviirr-gen. Srm Dicco. CA Partial ! - enueoeiag wan done by 
sty* ttemcv teminanir eyeU? ftqwMK-iiw Applied fjiosysriim* WeHera- 

!< , i it n i i ii [ii , • i i 1 ' i s f, . > ' i s .(' 

» wen > lly <i I ';'! i. Bid* I')' UNA ,i iULTians 

system (mode! 371.1 A;. 

' i . t 1 r - 1 i i > 

b> 'bi ,p i rod i thitK a ph e -i <28 liwRNAUO 

, j> I ii > v is i ( i ' t • J jt i (ja 0 1 1 t 

(tcts l29> !«i tr.'iiisfi i fi to n.vi.'in n« i f 'vo NT. MSI. « 31 
j. ! ,. nd 30) was per 

OwowhI u«m« ! I x ! a i>\ \ tr » ! A h t 
mentis r»fUt<>di>ncil CPM PC 8 fn>;pn.;nt i random nrinv.-ri 0NA labeling 

I ' r r i I I >j n 

*rw r«pw*«d *>ih sit .>!t,;..iiiid(.-di.ni<; i.g(.m<i IRS r»NA !:•»«!«( by Ta 
ttinfiffi: (5" end-tabelins kit, Anwrshami. Aoiora<JinK«»pt»y was per- 
I'-irnmi at »7<! "C, and bnmte wen- w^l «a»U « Molecular Dynmniw 
per* i nti f 4« ii Bi iOiftii 10 r. 

RESULTS 

Bioeftmival ChuraeterimUm of MAX, I and MAX. 11 And- 
' nwwnopmipUtttwn, Deglycosvlatinn, and PI -PLC 
, ' , ' ! - r a biotf teai tfmracl > alio 1 I to 
Uid.cn by monoclonal nntihnriieK MAX.l and MAX, 11. we J*ur» 
feet-labeled fr> wiro differentiated MAC with NHSS-LCMtiotin 
onti imtmixoprecipitiiiL-d (ciiigctis from thii cell lysat«s. Both 
roAbsi pm-ipitRlcd « jwotein with an appanmt molecular mass 
«f kDa <Fig. 1A - Subsetjwost digwiion of the immttiw 

pti .!,)!!{!<'<! a it, itfi 1 vi .A ' si( I edinafshiftoi 
npparcfii «i«e to 46 kOa {Fig, IS), indicating a cart»hydrat« 
ennteni ofab'sot. 28*^ >>>' wtsight. 

Since it was alf«»dy shown that the antigen df.-teelod hy 
1AX. ! be ■-:! J n e crdl mftmi j v ' i m < ii 
pbiisphoSiptisf: C (31 >, inunonopreciplUUitma wore performed 
usint! y.upernyi.a(d« of surto-lalntli.-d MAC iiaer Inailtnent 
with Pf-S-'LC. The dsffsise bands of the antigens precipitate*! by 
trtAb MAX. i and MAX. S i after PI-PLC treatment were identi- 
enlf ' hand obtained from ceil K's«t u i 

imn>unol<mic<-)i C'ws-wefMv vf MAX. I and MAX, It— 
Sine*: the ehur/tctaii.mtes of antigens detected by mAb MAX. 1 
and MAX U wore very similar during the experiments de- 
scribed obnve. we investigated the possibility that bath anti- 
bodies detect i he seine nnti^n. Ceil lysat.es from surface- 
labeled ii teVro i < t! it< I M v ?nb etc d to hroma- 
tagraphy ever small immunoafTlnily eolumns {0.5 mi i of MAX 1 
or MAX. 11 eovaientiy linked tr» &pharose After extensive 
washing to remove unapecifically bound mnlerial. ehmies from 
both columns wen reprcei nei th ea if the hso ntAbs 



F<<;. 2. tmniunnlogjettl cnwa.reaclivUy of auUis MAX. t nnd 
MAX.! I. MAX i ii' ;; ..«- ana )!,«.ini« ■■ i.ionv.ov..:.i!ioo.v 
piiriii itioo nf b ft i 1 «;!><! if i» dill, run? -u d 

MAC aar! suKDuti.; oitio..(iOfj;eoipioo.!cia from ih,: lileain.iri tloiitcu 

i 1 i f 0 i'.i V.VlMin ll.i.lu nA M\^ l 

i/ancs i «»<} $>; and CDlic mAb anti-Ui. Mfi Wombs .f »t,d r,}. At! 
iimmim.0HH-ipimiv< wyr.; (k'g!YO.-=vtiin.-'f w-Ui AOjiiyov.-ikSast !•' JurSVu-o 
SDSd'ACS and EC!, (icttiljaio 



i t ty p ■ o * ' h 1 < i j ) 

rit.ir.n of the proi.ipit nted materinl the ch,ir«cteri»tie band of>5R 
kDo was dotecuibio. ofior preupitatnm with MAXJ and 
MAX.lt but not with the isoiype control oniibody (Fig. 3>, 
cotiftrnnng tfjat the antigens detected by MAX. I »nd MAX.!) 
arc identical. 

Purification ond Mciiti/'u'afwt:. of MAX II Aneif>eit~(n. vitm 
diHcrcnliated MAC t$ X t0* cells) were exposed to PJ-PLC to 
cause the refense of glycosyfphosphatidylinnsitoi-anehorod pro- 
teins into the supernatant. A smoilei portion of ceils = i .-' \if 
cell.'*) was surfecc-labeled >vith hietin befftns I'l-PbC treat meat. 
Supernntnatsof labeled and oobdwiert cells were combined and 
subjected to immiinfiaOlniiy cnlumo chrtnviatogrnphj over 
MAX.!! wvatently linked to Sephortise. After washing, the 
materia! bound U> the colunm was efnt.ed in sivia.fi fri.ct.ions, 
and a smnll part, of each fraction was analyzed on SDS-PAGK 
with subsequent immuntddnttmg and vo-oolisntion of bbitioy!- 
ated protein by ECU The fraction containing the imnnmepu- 
nficd onUyen ■-vos used for NHo-u-rmiiial amino acid sequenc- 
ing, and the following sequence was obtained. Uu-Asp-Phe- 
Asn-Tvr-.¥-X-Clri.(7,!.. ! -(;ie-Met.-Gt...-Ala. A search of the KM8L 
nucleic acd date bases rcvetded identity with the Nf!„-termi- 
md setjuenced amino acids ofCPM (13). 

Iwnwiymipitotion and Enzy,,:? A<timty~~T« further eon- 
firm that CPM is identicui with MAX. 1/5 1 antigen, we me;«- 
nred CPM activity with dansyt-Ala-Arg as sobsirao- i f) meia- 
brnne preparations from in vitn> differentiated MAC after 
immunoprecipitatien with mAb MAX.l or MAX.l! or an sso- 
type control nnt.if»dy. A* a positive control with weil known 
CPM activity we used membrane preparations of placenta! 
microvilli in a similar experiment. As shown in Table f. in 
comparison to the igntype control antibody fJ00 K : ) the majenty 
of enzymatic activity was precipitated by rintitvidics .MAX.l 
arid MAX.J J. 

P^ftrcmon of CPM t/urinf- Mv/,»c?tk tyifftn-nliatiim AAor 

it was proven that mAbs MAX. I and MAX. ) I detect CPM. we 
investigated the correlation of CPM surface expression with 

I , i i i t 11 it i ti it H id nttC p S*> I 

during serum-indncod in uiirtt differenUation of MO. Cultured 
MO were harvested at the indicated time points, and prepara- 
tions of cells for flow cytometry. RKA extraction, and nw.yme 
assny were done in parallel Aa shown in Fit;. «. FACS anoiysis 
wnfirmed that, the ssnfnce up" m ' I M markedl> in 
creases during monocytic in tdtto difleraiuiation. A slightly 
different staining pattern of mAbs MAX.! nnd MAX. SI was 
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.I'oa-.)! 1im. P i\',M^ ) >, i IM^ III* , ,,-Th .Milid 
MO «day 0>. MO after adherence overnight tibiy f.i, imd fit ) (day 2). IS 
Ire i i i i ir k r < i > - > t cil 

far K.-V-'S :.«.itv;.i». M<hm,.->i. : * wrt s»ted fifca<dtaf: A' thtdr forward 

n 1 i f I i I i ,il r ' t S I < 

CPM expression to all cw*. t>;tt;> »<c expressed to mean cbsuuiei 
due 1', f if (l j,}U t i Ik t > i 'it m of ick t < 1 

lASained wi;h -»> irtmype c«r»r«l nntifexiy from one ix-taesenwtive 



ropeoiiijciblo in nil experiments. F«r both mUtbodies, the mean 
lluuressrenec, a parmwd.er eareesponr.linp; i.o the number of snob 
i 1 t i I i , • t , i i 



in 



yejAbdas 



a rations, wug measured with dansyt- Ata-Arg as substrate at the 
aame time prom* uamjs ,•> plawntnl membrane preparation us 
ri positive coairol. 'The mean specific activity {nmol/h/mg} of 
xiersoped SO- <W iokl during monocytic ddTcrcfUHAten 
(b ig. 4), showing a similar behavior as the surface espo'cde-orm 
determined by PACS amsiyais. 

To study the regulation of CPM e*-pre*Kiori at the RNA level, 
tola! oulktlaf !bVA w«* preparer] sit ibo soinie Lino- pit'mtj, arsd 
hybrid need with a GPM-prohe. 'fatal RNA prepared from pin- 
rent.n w;i.e used a M -,t positive afafrsif, ;>act iyfnphneyte R ?\' A am! 
hbrs.hla.si. RNA were used oy acgattre e ( aii:yes As shown lit 
fig a, a -aa-aog induction of CP at oyRNA i-ypressicai was tie- 
i.cctahii: <tunng 7 days of culture in the presence ofsta-um. 

Expnmsim ofCPM on Myeloid Odl U»<* Hi..(i(k U937, and 
THP 7— Jn add!t;an tea studied eypross.eo of'OPiU on myek>id 
celt lhw« HL-60, U»87, dad THP- 1, which appear to represent 
liificrern immature stages of myeitfid (.iifierentiatiori. 

In pro ay, vk io id c«it litie Ht-60 CPM Surf ore expression was 
atmosf: ondoteetable Upon treatment with t ( 25fOH) ;! D ;l a 
wuttk ituioyt.ioa of CPM expression could be demonstrated in 
PAOS analysis iTable It! The histiocytic e*>l! Hue 17937 showed 
8 wetik so e ontd I if sHghtiy en- 

hanced by treaLtnent. with i.,25(OH>i.D..j. In comparison with the 
other two ceil Km:* the oionobtastic col! line THP-1 shewed a 



I fto-Oicrn !>!<.. i<- ..foir ! • («•!< at oitt N y 

Total HMAs were igofoUxl ti»»i !<.!.■ led iVSO /«, MO idle, 
adhere aae owroiprit uih, aori MO n: ) O/.;?.'. it >;'■/;. ;ea.t T ea.yt d;iys of 
i.diere in the raysroce <if .■e-nna, humrtn lyi»)jh«ytes «/,f. hiooaa 
p!;ee-rital odro.viili i/0, : .,„.-j heaen, -ko. f'O.r -,!,!,. sis in. The t;.l„i «-a.s 
fieoan-ntbdfy hvhrid.^ed v-«h « «(>.I„(«l et J ''.'I'M d.>NA <;«a-; A . sad „ f , 
la si rHNA-spvtiP.; ehyeiieetaaide pfol'.e «/».»«,•/ «■ (a laiatnii Ibr eijuiv- 
<i!eiu RNA iciiding. 
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' » I ' ,( nlf a e. 
esaye Clala rnAb My.l, mAb MAX i, .oai ioAl. MAX.lt. 

' Oje.a on; eiveo as oiesie ebaor.el dooiefie.ae.i- • S.E «•<«:.•* td'tef 
«uWr«rtion of'baekgreund ohtaioed with i*m>-(W; cnatrot aoiihody fwrn 
ra. [east til rc< io<)e)» a • experton itj 



narhedfy im-n;ase.l tiur- 



h ;b :n •-, , ; P ee ( „ i - ! M 

ingthe3diiys «fl,25tOfUA 

i>tsct..'s;t5io.\ ; 

The expression and tissue disi.ribiition of the eiytejoeUaiis 
detected by aiAte MAX.) ami MAX. I J eotseeated thro they 
nigh of interest I reatii >n of MA dif djatioi 

id mi t '* >~n liion <9, Kl,'. In this report, ttestcrihe 
the puriffcntion chnracter itioo. at > ' • ti n o vhi in- 
tigen defcucU y both aiAb i sed Pf PLC efcavoye from 
the pta«niss membrene to purify the MAX I t antigen hy ionrn.t- 
tioafftnity ehremftiogrnpby The quantity and purity of the 
(.duted protein were sufficient for siciorimnatio:! of NH^-lermi- 
na! amiim add setjnenee. A e»J«»j«>ri«of> nf iite dfAeianimaj 
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Carbmypuptidase M Is Identical to MAX.1 Antigen 



ammo acid sequence with the published amino add sequence of 
CPM (IS) disclosed that the two molecules are identical. Re- 
sults from biochemical characterization {58 - 64-kDa glycopro- 
tein, anchoring to the plasma membrane by glyccsyiphosphati- 
dyhnositol linkage) matched the published data (11-13), and 
both antibodies were able ta almost completely precipitate 
enzymatic activity from membrane preparations of in vitro 
differentiated MAC and placental microvilli as a control, too. 
Reactivity of MAX.1 and MAX. 11 slightly differs in imam- 
t u ( • i 53 of MAC from different body fluids 19, 

10) and iiarfiunofluorescent flow cytometry during MO to MAC 
itfon Staining of CPM by mAb MAX 1 seems to be 
delayed in comparison with mAb MAX. 11 suggesting that both 
antibodies might recognize diSerentialiy expressed epitopes on 
the CPM-moleeule. Digestion of precipitated CPM with neura- 
minidase and #-galactosidase both lead to a marked shift of 
apparent sise to 60 and 56 kDa, respectively (data not shown), 
indicating that the glycans linked to CPM are, at least in part, 
of the complex type. It is known that the expression of some 
glyeosyl transferases responsible for glycan structure and com- 
position can be regulated in a maturatian-a&soeiated manner 
(32; 2 Therefore, a different glycasylation of CPM during the 
process of MO to MAC differentiation might he an explanation 
for the slightly different binding of MAX.1 and MAX.X1. 

Further evidence for the identity of CPM arid MAX. 1/11 
antigen comes from the described similar tissue distributions of 
enzymatic activity and antigen expression. In addition to ex- 
pression on MAC, MAX.1 and MAX. 11 antigen could he de- 
tected in human kidney (glomerular mesangial cells), in human 
placenta {cytotrophoblastic and syncytia! cells), in the upper 
gastrointestinal tract {subepithelial structures), and weakly in 
lymphoid orgat sndri k -'.".luilum cells) U0). This staining 
pattern correlates with the published distribution of enzymatic 

t.ivitj ,fCI'M Membrane- bound carbexypeptida&e activity is 
measurable in membrane fractions of various human tissues 
(placental microvilli, kidney, lung, and brain) {11, 12, 33-35) 
and m cultured human cello (foreskin fibroblasts, pulmonary 
arterial endothelial cells, lung fibroblasts, and alveolar type I 
cells) (33, 34). 

Basic carboxypepttdasea catalyze the removal of COOH- 
terminal basic amino acids arginine or lysine from peptides or 
proteins. The natural substrates appear to be peptide hor- 
mones like kinins, enkephalin hexapeptides, and anaphylatox- 
ins or proteins like creatine kinase (36). The removal of COOH- 
lermina! arginine or lysine result* in modulation or 
motivation of peptide hormone activity and can also change 
the physical properties of proteins ( 36). 

CPM is a membrane-bound eclopeptidase, present in many 
organs and tissues. It can participate in control of peptide 
hormone activity at the cell surface, degradation of extracellu- 
lar proteins and peptides, and prohormone processing (36), but 
its regulation and actual functions! role in different tissues are 
still unclear. 

The release of t.-arginine from peptides or proteins by CPM 
may increase local concentrations of this amino acid at the 
MAC cell surface. At sites of a high density of substrates, e.g. at 
inflammatory site3. CPM activity might influence L-arginme 
metabolism. 

In the lung, CPM is present on alveolar type I pneumocytes 
(33, 34) and on alveolar MAC in yet lower concentrations (9, 10, 
34). There is some evidence that CPM ia involved in bradykinin. 
metabolism. It may protect the alveolar surface from bradyki- 
nio-indoced deletious vascular responses (37-39). 



In patients with extrinsic allergic bronchiolitis and active 
pulmonary sarcoidosis. CPM expression on alveolar MAC as 
detected by mAb MAX.1 is increased in comparison with 
healthy persons (10). Elevated serum levels of angiotenairi- 
converting enzyme, a predominantly membrane-bound pepti- 
dyl dipeptidase that cleaves similar substrates as CPM, is used 
to diagnose and to assess response to treatment of sarcoidosis 
(40). CPM expression on alveolar MAC or its activity in the 
bmrichoalveoiar fluid could serve ns additional marker* for this 
disease. Further investigations should clarify the value of this 
parameter in diagnosing and monitoring active pulmonary sar- 
coidosis and other inflammatory king diseases. 

MAC from granulomas of patients with sarcoidosis synthe- 
sis the biological active hormonal form of vitamin D 3 , 
l,2Q{'OH) s D s (41>. i,25(OH>;,D 3 may be involved in the stimu- 
lation of alveolar MAC to produce CPM. The possibility for a 
role of vitamin D 3 in regulation of CPM expression is supported 
by several additional observations, it is shown '.hat, in the 
absence of serum proteins, MAX.l/CPM is expressed in a mat- 
uration-associated mariner during l t 25(OH^D 3 -indu«!d m 
vitro maturation of MO to MAC (18). As demonstrated in this 
study, l,25(OH) a D a -induced differentiation of human promono- 
ytic leukemia cell lines THP-1 1 d 04 . * mpi icdbvan 
increased expression of CPM Also in HIf-60 cells, which are 
hought to re( » the eat ' ferer.tiatii t* h 
three cell lines tested, CPM expression slightly increased dur- 
) ' > <ii 1 r i itmen 

In renal allograft rejections T-cell activation is required to 
cause CPM expression in local MAC, since the CPM expression 
ta undetectable in patients treated with Cyclosporin A (10). 
These results indicate that T lyrnphokines may have a possible 
regulatory rote in the expression induction of CPM. Recent 
observations of our group suggest that tumor cells modulate 
MAC differentiation and are capable of suppressing CPM ex- 
pression on MAC associated with solid tumors * 

To clarify whether T-ceil-derived or tumor-derived factors 
play an active role in modulation of CPM expression further 
studies on gene regulation are required. 

The functional role of CPM in MAC will depend on its tis- 
sue localisation and the occurrence of its natural substrates. 
The present available data on possible substrates are still 
incomplete. Peptide hormone processing includes complex regu- 
latory mechanisms. Its course and its role in tissue injury and 
inflammation as well as the effects of peptide hormones and 
metabolites on cells of the immune system have not yet been 
characterized. 

As described previously id, 10 S, CPM expression, detected by 
mAbs MAX. I and MAX11. is restricted to the MO/MAC lineage 
within hematopoietic cells. Besides other peptidases (neutral 
endopeptidase (CD10), amtnopeptidase N (OD13), and dipepti- 
dyl-psptidase IV (CD28)) earboxypeptidase M should be as- 
signed to a cluster differentiation (CD) group. 
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Summary 

Mdm2 acts as a major regulator of the tumor suppres- 
sor p53 by targeting its destruction. Here, we show 
that the mdmZ gene is also regulated by the Ras-drfven 
Raf/MEK/MAP kinase pathway, in a pS3-independent 
manner. Mdm2 induced by acti vated Raf degrades p53 
in the absence of the Mdmi inhibitor pIS*"*. This regu- 
latory pathway accounts for the observation that cells 
transformed by oncogenic Ras are more resistant to 
p53-dependent apoptosis following exposure to DNA 
damage. Activation of the Ras-induced Raf/MEK/MAP 
kinase may therefore play a key rote in suppressing 
p53 during tumor development and treatment, in pri- 
mary cells, Raf also activates the Mdm2 inhibitor 
pl9** f . Levels of p53 are therefore determined by op- 
posing effects of Raf-induced pi9* fip and Mdm2. 

Introduction 

Mdm2 was originally identified as an amplified gene in 
a spontaneously transformed derivative of BALB/c cell 
iine 3T3 DM, which caused tumors when injected into 
nude mice jFakharzadeh et at., 1 991 ). A possible mecha- 
nism for the transforming properties of mdm2 has teen 
provided by reports demonstrating that Mdm2 is a major 
regulator of the tumor suppressor p53. It binds directly 
to p53 and inhibits its transcriptions! activity (Momand 
et al, 1992; Oliner et al., 1392, 1993). Mdm2 is a tran- 
scriptional target of pS3 {Barak et al., 1 993; Wu et al., 
1993: Lertg et al., 1 995). p53«responsive elements have 
been identified in the intronic promoter ol the mdm2 
gam, and interaction of p53 with these sites has been 
weif documented (-Juven et at., 1 993: Barak et at., 1994; 
Zauberman et a!., 1995). induction of rr>oV»2 transcrip- 
tion by p53 establishes a negative feedback loop, in 
which p53 itself initiates its own destruction (Pteksley 
and tane, 1993). 

Mdm2 may have additional functions that are not di- 
rectly related to p53. It affects cell growth in a p§3- 
independent manner, possibly through interactions with 

§To wtom cotrospondenoe snouta be addressed («Mraii: mewsrroieit® 
cc.uest.e4u), 

I'Thesa auttiois contributed equally to this work. 



pRb (Xiao et at., 1985) or through interaction with the 
62F/DP1 complex {Martin et al., 1995). These functions 
of Mdm2 are less well characterized than its role in p63 
regulation. Indeed, the lethal effects of disrupting mtimS 
genes in vivo are rescued by disrupting p53, suggesting 
that p53 regulation is the major function of this protein 
at least during eariy development {Jones et al., 1995; 
Montes de Oca tuna et at., 1995). 

Mdm2 binds to pIS* 1 * and is inhibited by this tnterac- 
lion (Kamijo et a!„ 1998; Pomeranti et al, 1998). An 
attractive model has been presented recently in which 
pis* 1 * binds to wtdm2, sequesters Mdm2 in nucleolar 
structures, and allows accumulation of p53 (Tao and 
Levine, 1 999; Sherr and Weber, 2000), On the other hand, 
p19 w dlrectiy inhibits Mdm2 ubiquitin llgase activity, 
suggesting a more direct role in Mdm2 regulation (Honda 
and Yasuda, 1 999). pi 4* flf , the human homoiog of p1 9 AKF , 
is induced by E2F, myc and Ras, and thus provides a 
possible link from mitogenic signaling pathways to p53 
induction (Bates et al., 1998; Paimero et ai„ 1998; Zindy 
et a!., 1998). The Ras-regufated Raf/MEK/ERK kinase 
pathway has been reported to activate COK4/cyclin O 
kinases, thereby phosphoryiating pRb, whfeh in turn 
leads to release of E2F-1 (Aibanese et at., 1395; Peeper 
eta!., 1997). ThepU*" promoter contains several E2F-1 
binding sites and Its activity was shown to be enhanced 
by overexpressien of E2F-1 {Bates et al., 1998). The 
Ras/Raf/MEK/MAP kinase pathway can therefore lead 
indirectly to accumulation of p1* w and inhibition of 
Mdm2 activity. 

Mdm2 expression is often increased following mito- 
genic activation. Treatment of cells in culture with basic 
FGF increases levels of Mdm2 protein and cells constitu- 
tively exposed to a basic FGF autocrine loop are more 
refractory to killing by cispiatin, which to a targe extent 
occurs through p53-mediated apoptosis (Shaufian et 
a!., 1997). More recently, a screen for transcripts mat 
accumulate In ceils harboring a chimeric M-CSF/PDGF 
receptor identified mdm2 as an immediate early gene 
(Fambrough et al., 1999). In addition, we have observed 
nigh levels of Mdm2 protein expression in human tumor 
eel! lines that have little, if any, functional p53 (Flies 
et al., 2000). These data suggest regulation of mdm2 
expression by p53~independent pathways triggered by 
growth factors, 

A common feature of signaling by diverse growth fac- 
tors is the activation of the Ras/Raf/MEK/MAP kinase 
pathway. We therefore explored the possibility that this 
pathway is responsible for mdmS Induction. We report 
that the mdmS promoter is indeed a target of the Ras/ 
Raf/MEK/MAP kinase pathway. Hence, activation of Ras 
during normal celt signaling or through mutation in neo- 
plastic transformation, can suppress p53 and thus facili- 
tate cell proliferation and survival. 

Results 

Mdm2 Expression ts Regulated 
by ths Ras/Raf Pathway 

Mdm2 protein can be induced by exposure of cells to 
basic FGF (Shauilan et al., 1 897) or iGF-1 (tori et al., 
1999). Likewise, mdm2 mRNA accumulates upon activa- 
tion of the POGF receptor (Fambrough et al., 1389). 




Figure 1, induction of mtimS Transcription 
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(A) Mdm2 transcriplionai induction by cortstj- 
tuiively active H-Ras(Gl2v) in NIH-3T3 ceils. 
NiB-3T3eell w smfecK «iti etrovtn 5 
encoding H-RasjSI 2V) or empty vector. Ate 
selection with Q41S, total cellular SNA was 
prepared and subjected to Northern blot 
analysis using a 1,5 kb fragment spanning 
the coding region of rmfms as a probe. For 
Western blot analysis, eeifs were direcSy lysed 
with Laemmti fcuffer, and equal amounts of to- 
tal protein were stibjectsd to immunoetotBrig. 
(Hj Activation of R»f is wftfclerrt to induce 

mdm2 transcription in NIB- 3T3cel!s. NIH-3T3 
celts expressing a 4-Hyatoxy-Tai™*if<jn {A -BT} 
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with 1DnM4-HT,t< 



btot analysis. 



S>2 transcript {14? nt) 



ysis or Western 

« of p53. p53" mouse^m- 
btyonlc fibrobiasts {MEFJ harfxiring the 4-HT 
inducible EGFP-Aftafl ;£fi constnict were 
treated with 100 nM 4- NT, and total cetlutar 
RNA and protein was harvested after 24 hr. 
(D) Transcription by activated Rat initiates 
mainly from We internal mdm? promoter (P2J. 
Total cellular RtiA was prepared torn lite cell 
d (top). Ten rr 



each BHA was subjected to Wase protection an3iysis, Unes i and ? contain the probe atone and the oontroi reaction consisting of 10 ug 
of yeast tRNA, respectively. Composition and sires (in nucleotides) of potential fiN3«vrer>islam fragments are indicated in the schematic 
representation, 



Since Ras is downstream of ail these mitogens, we 
tested whether the Ras pathway is responsible for 
mdm2 induction. NIH-3T3 ceils expressing an activated 
Ras allele, H-Ras (G12V), were analyzed for mdm£ 
mRNA and protein expression. Figure 1A shows that 
expression of constitutive)* active Ras resulted in in- 
creased levels of mtfm2 mRNA and protein. 

Ras targets several distinct downstream effectors, of 
which the best characterized are Raf kinase, PiU-kinase, 
and RaiGDS (Marshall, 1 995; Katzand McCormick, 1 997; 
Rodriguez- Victana et ai., 1 93?}. We examined the effects 
of a conditionally active Raf kinase on celluiar Mdm2 
levels. This conditional Raf kinase consists of the kinase 
domain of B-Raf fused toamodified form of the hormone 
binding domain of the mouse estrogen receptor, which 
renders the receptor insensitive to estrogen, but still 
sensitive for the estrogen anaiog 4-hydroxy-tamoxifen 
(4-HT) {Samuels et at., 1S93; Woods eta!., 199?}. NIH3T3 
cells stably expressing the dS-Raf:ER* were treated with 
1D nM 4-HT (Woods et al., 199?}. Addition of 4-HT re- 
suited in remarkable MARK activation and accumulation 
of high levels of mtlmZ mRNA and protein {Figure IB). 
To rule out any contribution of pS3 to the increased 
Mdm2 levels after Raf activation, we assessed Mdm2 
expression in p53 '" mouse embryo fibroblasts {MEFs} 
stably expressing EGFP-ARafi :ER {Woods et a!., 1 997). 
Figure 1C shows increased transcription and accumula- 
tion of Mdm2 protein in response to Raf/MEK/MAPK 
activation occurred also in p53"" ; ~ fibroblasts. In a time 
course experiment using NIH3T3(iB-fiaf:ER*) celis, ele- 
vated mdm2 mRNA levels can be detected as early as 
4 hr after Raf activation and increase steadily (data not 
shown). Thus, the Ras/Raf/MEK/MAP kinase pathway 
induces increased expression of mdmS mRNA and 
MdrnS protein in 



The murine mdm2 gene has two promoters, an interna! 
promoter (P2), which responds directly to p53 activation, 
and an upstream i i < p omoter{Pl), which is not 
affected by p53 (Barak et a)., 1994). The cDNA riboprobe 
used for RNase protection assay spans exon 1, exon 2, 
and part of exon 3 (Figure 1D), allowing discrimination 
between Pt and P2 transcripts. Transcription from the 
P2 promoter was dramatically induced in response to 
activation of the Raf kinase, whereas a more moderate 
induction occurred with transcription from P1 {Figure 
1 D, lanes 2, 3, and 4). Induction of P2 transcription oc- 
curs in a p53-independent manner as p53~deticieni 
MEFs show similar enhanced transcription arising from 
P2 (Figure ID, lanes 5 and 8). Note that only P1 tran- 
scripts are detectable in control NIH-3T3 cells. 



Analysis of Ras-Responsive Elements 
within the mdm2 P2 Promoter 

To determine the role of Raf activation on basal mdm2 
transcription, the effect of a constituttveiy activated form 
of Raf (Raf-CAAX) on mtfm2 promoter activity was ex- 
amined in p53-deficient 10(1? celis (Stokoe et at,, 1994). 
Raf-CAAX expression induced mdm2 P2 promoter ac- 
tivity 5- to 6-fofd (Figure 23). Sequence analysis of the 
mdmS P2 promoter revealed the existence of binding 
sites for transcription factors of the AP-1 and Ete family 
(Figure 2A), which have been shown to be responsive 
to ERK activation in other genes. To determine the re- 
gion of the mdm2 P2 promoter required for regulation 
by Raf, several mdm2 P2 5" promoter deletions were 
generated and transfected in the presence of Raf-CAAX 
into 10(1) ceffs. Figure 29 shows that the upstream Ets 
site within the P2 promoter (designated EtsA in Figure 
28} of the tndmS gene is important for Ihe Rat-induced 
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Figure a. Ets/AP-t Motifs ir> the imrorfc P2 
Promoter Mediate rrensHipWon of the nx/m? 
Gene upon fist Activation 
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(B) Various 5' deletions of the ffldm? pro- 
moter were cloned in front of the firefly f uetfer- 
ase gene. 10(5) cells were eofraristected with 
1 H9 of saertiuetf erase reporter construct and 



(Q Using in vitro mutagenesis. Ets and 
sites of the mefmS promoter iociferase con- 
struct LI as in {8} were setectivety mutated. 
Luciferase activity of the mutated promoter 
constructs in 10(1} ceils was determined. Att 
promoter constructs were responsive to co- 
transfeeted p53 frdicated as +). 
(0) 10(1} were t«i»ster>% transfected with 1 
l^g of the mdm2 promoter iuclfsrase con- 
struct Li combined with 100 ng of piasmids 
directing expression oi either constitutive^ 
ective M6K1 , c-Ets-i , c-ets-a, or e-Jun. UicJf- 
erase activity w 



transoriptkmal activation in a transient assay. To assess 
the importance of the more downstream Ets {designated 
EtsB) and AfM sites in the m<fm2 P2 promoter in re- 
sponse to activated Raf, single point mutations were 
introduced into the full-length mdrrt2 P2 promoter con- 
struct 11 by site-directed mutagenesis. Aff promoter 
constructs that contain mutations in one of the Ets sites 
or the AP-1 site are non responsive to activated Raf any- 
more {Figure 2C). Furthermore, combinations of muta- 
tions of the Ets and AP-1 sites led to a significant de- 
crease of basal mdm2 PZ promoter activity {Figure 2C). 
To exclude the occurrence ot potential nonspecific mu- 
tations during the generation of these constructs and 
to address whether the Raf kinase and p53 responsive 
elements are distinguishable, p53 was cotraosfecled 
with the mutated P2 promoter constructs in parade! ex- 
periments. All mutated m<fm2 promoter constructs 
showed a strong induction by pS3 {M0-foid} simitar 
to that of the parental It mdro2 promoter construct, 
demonstrating a clearly distinct regulation of the P2 
promoter by either Raf or p53 {data not shown), Overex- 
pression of constitutlvoiy activated forms of MEK1 and 
MEK2, c-Ets-1, c-Ets-2, and c-jun, which are known 
downstream targets of Ras and Raf, led to an approxi- 
mately 5- to 8-foid induction of mdmS P2 promoter activ- 
ity, respectively (Figure 2D), To determine whether the 



mdm2 AP-1 and Ets sites were capable of binding She 
respective transcription factors, nuclear extracts were 
prepared from N1H-3T3 cefis expressing AB-Raf:ER* at 
various times after stimulation with 10 nM 4-HT. The 
mdm2 AP-1 site in probe GS1 bound a complex in N1H- 
3T3 nuclear extracts, the formation of which was in- 
creased strongiy after activation of Raf (Figure 3A}. This 
complex was competed by 50-fold molar excess cold 
cognate competitor oligonucleotide or unlabeled OS1 
probe but not by mutant AP-1 sequences or unlabeled 
probe 652 (Figure 3A). When the labeled upstream 
mdm2 Ets site (EtsA) was used as probe in eiectropho- 
retic mobility shift assays, formation of a complex could 
be detected, whose intensity remained unchanged after 
Raf activation. These studies demonstrate that tran- 
scription factors bind to the AP-i and His elements in 
the mdrr>2 promoter. 

Raf Beguiates p53 Levels through its Effects on MdmS 
Induction of Mdrn2 protein expression is expected to 
decrease ieveJs of p53, since Mdm2 effectively pro- 
motes p53 degradation {Haupt et al., 1997; Kubbutat et 
at., 1997). To test this prediction, Raf kinase was acti- 
vated in human tumor cells expressing mutant p53, and 
levels of Mdm2 and p53 proteins were analyzed by West- 
em Wotting. DKG4 celts were used, in which mutant 
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Figure 3. Transcription factors Bind to tho AP-1 and Ets Elements 
in the mftm2 Promoter 

(A) Nuclear extracts were prepared from NIH-3T3 celis expressing 
AB-RafcER' at the indicated time points after stimulation with 4-HT. 
EMSAs were perfomied with "P-tabeted ftS1 oligonuc l< li Jc com- 
prising the APA/£ta clement, tn competition experiments, SO-foKt 
mol3r excess of cold AP-1 or mutated AP-1 consensus oligortucl eo- 
m e ■ (AP1 and mAPi , respectively) wa s added to the binding reaction. 

(B) EMSAs wore earned art wilh "P-Sabeted GS2-otigomicleotide 
comprising 8» Sis site of the mdm2 promoter. 

Ras had been deleted by homologous recombination 
(Shirasawa et a)., 1993), and a conditionally active Raf 
allele (EGFP-iRaf-l :ER) was stahty expressed in these 
cells Woods et al„ 199?), Raf kinase was turned on by 
addition of 4-HT, and Mdm2 levels accumulated (Figure 
4A). p53 is transcriptiortaiSy inactive in these celis {Es- 
tefler et a!., 2000). Hence, these data further confirm that 
Raf-dependent mdrr>2 transcription is independent of 
pS3 transcriptional activity. Importantly, increased Raf 
activity fed to a dramatic decrease of p53 protein levels 
(Figure 4A). It is important to note that DK04 cells, de- 
spite harboring a mutated p53 gene, do not express 
p14 Mf due to hypemiethyiation of the 014** promoter 
(Esteller et a)., 2000). 

SW480 cells express an activated Ras allele and a 
mutant form of p53 that is transcriptionally inactive 
(Sharroa et a(„ t<*93). Treatment of these cells with the 
MEK inhibitor U01 26 resulted in dose-dependent de- 
crease in Mdrrt2 protein expression (Figure 4B) consis- 
tent with reduced MARK activation, showing that sus- 
tained activity of the Ras/Raf/MEK/MAP kinase pathway 
is necessary for high levels of Mdmg. 

To examine whether decrease of Mdm2 protein ex- 
pression results from reduced transcriptional activity of 
the mdrnZ promoter upon MARK inhibition, we mea- 
sured mdm2 P2 promoter activity. SW480 cells were 
transtected with either the mdm2 P2 promoter construct 
LI , containing all the Raf-re sports! ve elements, or the 
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Figure 4. The Ra^RaJVMEtVMAPK Pathway Has an Impact on 
M3ni2 Expression Levels in Colon Cancer 

gaESFP ARaf t £R construct were treated 
with 100 nM 4-HT. Tweray-four hours later, total cellular lysates 
were prepared. Equal amounts of proteins were separated by SOS- 
PAGE; fallowed by immunoblotting with antibodies against Mdm2. 
pSS, ptospherytated 6RK1/2, or total 6RK. 
(Si SW4S0 ceits were cultured 48 hr in the presence or absence of 
the MEK inhibitor UOt 26and 10% total bovine seram E qu.it amounts 
of proteins were etscttophoretioaHy separated prior to imrnuriootot- 
tiiKj witft Mdm2, ptiosphorytated ERKt/2, 01 tsita! ERK sritisera. 
(C( SW480 cells were trartstaetod wfth either 1 yJ$ of the mdm2 
promoter lueiferase construct LI or the further 5'~deteted promoter 
construct LS, which lacks the ftaa responsive elements Transfected 
cells were incutooterf 48 hr in the presence or absence of SS uM 
prior to measurement of luciterase acftwty. To monitor effi- 
cacy of tt.e MEK inhibitor. Lt012S Elk-1 activity was detwmmsd 



5' deleted 15 mdm2 P2 promoter construct lacking the 
Ets and AP-1 binding motifs. Immediately after transfee- 
Uon, one fraction of the ceiis was incudated with 25 \M 
U0126 for 4S hr, while the other fraction of celis was 
incubated in medium without the MEK inhibitor. As dis- 
played in figure 4C, an approximately 7-fold decrease of 
mdm2 P2 promoter activity was observed upon U01 28 
treatment oniy In cells transfected with the Raf respon- 
sive m<Sm2 promoter construct L1 . tuciferase activity 
of cells containing themdm? promoter construct LS was 
significantly lower and did not change upon addition of 
MEK inhibitor U01 26. 

Ras Mutations Lead to Attenuation 
of the p53 Response and increased 
Survival Rate upon v-ftradtatton 
To investigate whether the increased Mdm2 protein lev- 
els due to constitutive activation of Ras can prevent or 
attenuate p63 induction in response to cellular stress, 
wc y-trradiated NIH-3T3 cells or NIH-3T3 cells stably 
expressing a vector encoding H~Ras {Q1 2V}. Figure SA 
shows the time course of p53 induction in both cell 
tines, in the parental N1H-3T3 cells, p53 protein was 
dramatlcafty induced after 7-lrradiation, increased p53 
levels are already detectable after 30 mln and reach a 




Figures. Kinetics Of f>53 induction upon 
•HnrasBatien ant! Raalation Survival Are Af- 
fected by me Sas/Rat/M 6K/M ap K Pathway 
(At Logarithmically growing cottyres of NIH- 
3TS cells stably trsrisfaeied with oncogenic 
H-R3s(Qi 2V) or vector atone were subjected 
to Hrradtation st o jtosage of 3 Gy. Prolans 
were «taclroprtoreticaHy separated, immobi- 
lized, and immunofjiottetj with antibodies 
specific to MdmS, pS3, or p-actin. Lysate* 
(MH-3T3 and NIH-3T3 ««) were run on the 
same gel. Exposure time is Identical for each 
protein shown, allowing direct comparf son of 
signal intensity. 

{Si 1 X 10 5 MIH-3T3 cells ami Ras-trans- 
lormad NIH-3T3 cells, respectively, were 
seeded in S-watI plates, The next day, Celts 
were transfeeted with 1 p53 -responsive 
luciferass reporter and exposed to lOrtuSng 
radiation el a dosage of 3 Gy. Luettef ase ac- 
tSvity was determined using a fumtnomotor. 
(G) Ciena! survival assays iwere performed us- 
ing m» hum an t^'lon c dnca- est fines f-ffi^^ 
and OLD 1. and their isogenic derivatives 
HKe3, HCT116 p53 ' , and 0KO4, respec- 
tively, Celts were irradiated at a dtjsage of S 
Gy in a ,3 'Cs source. Survival rata tor HCT1 16, 
HCms p53" ~. aixt DLD-1 , respectively, was 
set iW% in each set o* comparisons. 
(D) Time course of Mdrn2 and p53 protein 
levels in HCT1 1 6 cells awJ its Oertvative Ntte-3 
after ^-inadiatior. {3 Sy). Atl tysates were run 



maximum at 2 hr post irradiation. After 4 nr, p55 protein 
Seveis decreased but were stiil above the basal level in 
rionirradiated cells. Expression of Mdro2 protein in NiH- 
3T3 cells was strongly induced beginning 1 hr after irra- 
diation of the celts aid peaked at 4 hr. In contrast, 
-y-irradiation of NIH-3T3 ceils harboring an activated Ras 
led to only a moderate Increase of p53 protein. Further- 
more, the onset ot p53 induction in these ceils is delayed 
compared to the parental NIH-3T3 cell fine ff rtf in Ras- 
trartsformed NIH-3T3 cells versus 30 rain in N!H-3T3 
ceils}, Wftile Ras -transformed NIM-3T3 cells have ai- 
ready higher basal Mdm2 protein levels (originating from 
the induced transcription of the mdm2 P2 promoter by 
activated Ras}, there was no significant increase of 
Mdm2 protein up to 4 hr after 7-irradfation, Thus, NIH- 
3T3 cetts harboring an activated form of Ras are capable 
of attenuating the p53 response upon t -irradiation, 
which is consistent with their increased basal Mdm2 
protein expression. 

Next, we wished to investigate the activity of the in- 
duced pS3 in response to irradiation. We examined p53 
activity after ^-irradiation in NIH-3T3 Ras cells using 
3 luclferase assay. For this purpose, we transfected a 
synthetic p53 luctferase reporter construct Into N1H-3T3 
and Ras-transformed NIH-3T3 ceils. Twenty-four hours 
after transfeciion," cetts were irradiated at a dosage of 

3 Gy and luciferase activity was determined at the indi- 
cated time points. Figure SB displays the time course 
of p53 activation after -^-irradiation. While NIH-3T3 cells 
reveal a 1 2-fold induction of p53 transcriptional activity 

4 hr after irradiation, their Ras-transformed counterparts 
show only a modest p53 response (4-fold). Thus, Ras 
overexpression attenuates not only p53 accumulation 
but also pS3 activation in response to DNA damage. 



This attenuation of p53 might explain the higher resis- 
tance of transformed NIH-3T3 cells toward -/-irradiation 
as determined in clonal survival assays (data not shown} 
{Sktar, 1986). Because Ras activation targets many 
downstream effectors (Kat/ and McCormick, 1997), we 
examined whether increased Mdm2 protein levels could 
mimlek Ras-rnediated radtoresistance. Therefore, we 
established a stable NlH-3T3cel! line expressing fvldma 
protein under control of a mifepristone-inducible pro- 
moter (NIH-3T3-irrtdm2). Mifepristone- treated N1H-3T3- 
imdm2 cells and their parental counterpart, stably 
expressing the empty vector, were irradiated and subse- 
quently, clonal survival assays were performed. fVWm2 
expression partialiy rescues NIH-3T3 cells from irradia- 
tion-induced apoptosis (32% survivors in Mdm2 ex- 
pressing N1H-3T3 versus 78% at 3 Gyt 40% versus 29% 
at5Gy). 

To determine whether oncogenic Ras mutations con- 
fer radioresistance in human tumor cells, we performed 
cional survival assays with the human colon cancer cell 
line HCT1 1 6 (wild- type p53, mutant Ras) and its deriva- 
tive Hke-3, in which the mutant Ras has been deleted 
by homologous recombination (Shirasawa et at,, 1993). 
Figure 5 shows Hke-3 express less Mdm2 protein and 
more p53 than HCT11S cells, consistent with a rote for 
Ras in this pathway, p53 accumulated to significantly 
higher levels in Hke3 cells after \- irradiation, oresumably 
because of lower levels of Mdm2 (Figure 5D), and radio- 
sensitivity of these cells Increased dramatically (80% 
survivors versus 28% survivors at 5 Gy; similar results 
were obtained at a dosage of 1 Gy), Furthermore, inhibi- 
tion of MEK in the parental HCT116 cett line through 
addition of U01 26 resulted in a similar radiosensitive 
phenotype as in Hke-3 cells (Figure 50). Treatment of 



the pS3-deiicient isogenic ca!! line HCT1 1 6 p53"'~ (Bunz 
et at., 1998) with the MEK inhibitor U0126 revealed no 
significant difference in radiosensitvity, showing that 
Ras-mediated radioresistance is dependent on p53. The 
colon cancer celi line DlO-1 harboring mutant p53 and 
Ki-Ras genes shows no difference in radioresistance 
compared to its counterpart DK04, in which the mutant 
Ras has been deleted {Figure 5C), suggesting that Ras 
has no impact in cells lacking p53. However, it is impor- 
tant to note that DLO-t and HCTt 18 cells do not share 
an identical genetic background. Nonetheless, this dem- 
onstrates an important role for oncogenic Ras mutations 
in the presence of wild-type pS3 in conferring radioresis- 
tant© in human tumors. 

Taken together, these results provide strong evidence 
that activated H-fias leads to increased basal Mdm2 
protein expression, which is capable of attenuating pS3 
induction upon -y-ifradiation and renders ceils more re- 
sistant to the inhibitory effects of irradiation. 

Attenuation of pS3 Accumulation in Response 
to DMA-Damaging Reagents by Activated Raf 
is Dependent on the pig*** Status 
pi 9^ physically interacts with Mdm2 and consequent^ 
stabilizes p53 {Kamijo at at., 1998; Pomerantz et a!., 
1 998; Stott et a!., 1 998), To investigate whether the pres- 
ence of pig** can prevent Rat-induced Mdm2 from 
degrading p53, we established wild-type MEFs and 
pIS"* null MEFs expressing a conditionally active Raf 
allele (EGFP-ARaM:ER) (Kamijo et at., 1997). MEFs arid 
pta*" 1 null MEFs with induced and noninduced Raf ki- 
nase were treated with the DNA damaging reagent adria- 
mycwi {0.25 t*.g/ml). As shown in Figure 8, activation of 
Raf leads to a significant induction of Mdm2 protein 
after £4 br in both ceil lines. Concomitantly, pi 9 WF levels 
increase in 4-HT-treated wild-type MEFs expressing 
EQFP-ARaf1:£R (Figure 6A). Wtiiie Raf-tnduced Mdm2 
can attenuate p53 accumulation in response to ONA 
damage in pig** 5 nuil MEFs, we detect no attenuation 
of p53 response fn wild-type MEFs upon Raf activation 
(Figures 6A and 6B). These results provide evidence that 
pIS** 11 is capable of neutralising the increased Mdm2 
protein in response to activation of the Ras/Raf/MEK/ 
MAP kinase pathway, if p19 AR? is not expressed due to 
a targeted deletion of exonl of the INK4A gene focus 
{Kamijo etal., 1397), induced Mdm2 protein is fully func- 
tional, can bind to p53, and promote its degradation. 



pS3 is the major known regulator of its own inhibitor, 
Mdm2 {Barak et ai„ 1993; wu et al., 1993). Mdm2~medt- 
ated degradation of p53 occurs in the cytoplasm, 
trtrouqh a proteasome-dopendent pathway (Haupt et at. , 
1997; Kubbutat eta!., 1997). Hence, p53 and Mdm2 have 
been postulated to form an autoreguiatory negative 
feedback loop. Regulation of mdm2 expression by p63 
is thought to keep p53 function under control, thereby 
preventing widespread p63-dependent apoptosis (Lane 
and Hall, 1997; Prives, 1998), 

fn this study, we demonstrate that Mdm2 expression 
is also modulated by the Ras/Raf/MEK/MAP kinase 
pathway through activation of Ets and AP-1 sites in the 
P2 promoter, upstream from the p53 responsive element 
and independent of its activity. Furthermore, Mdm2 in- 
duced by the Ras/Raf/MEK/MAP kinase pathway is 
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Meta? in Rssponse to DNA Damage Departs on »>« pi Status 
(A) wild-type MfcFs expressing a <;■ .Hydroxy- tamomier. (4-KT) in- 
v< t lio.)f<si with 1 ,M 4-HT 
(right panel), or mock treated {left pane!). After 24 hf, adriarayclrt 
(0.25 «.g/mi; was added to the culture medium. T 
harvested ai tfis In 
and suajaeted to Western Wet anaiysis. Lyxales (+r~ 4-BT) were 
run on the ssroa gts. Exposure time is identica for eaett protein 
shown, allowing direct comparison ot signal irttans-ity. 
(S> plT* rtuit MEFs expressing a 4 -Hydroxy-Tamoxifen {4-HT) in- 
ducible £GFf>-ARaf1:Sf! construct were treated with 1 (tM 4-HT 
{right panetj, or mock treated {left pane}). Tsvenry-four hours later, 
n {0.25 tig/mf) was added to trts medium. 



functionally active and leads to degradation of p53. This 
signaling pathway is Intact in tumor cells expressing 
activated Ras as Mdm2 protein levels decrease dramati- 
cally after inhibiting MEK activity in these cells, impor- 
tantly , the effects of induced MdmS on p53 are regulated 
by pig** Ras therefore acts on p53 through two com- 
peting pathways (Figure 7), Activation of the Ras/Raf/ 
MEK/MAP kinase cascade results In elevated ievels of 
Mdma protein. However, in norma! cells, this pathway 
also induces the expression of plS*™ (Bates eta-., 1998; 
Paimero et al., 1998), which inhibits Mdm2 activity (Tao 
and Uvine, 1399; Sherr and Weber, 2000). Thus, in nor- 
mal celts, levels of p53 are determined by a balance 
between opposing effects of the Ras/Raf/M E K/M AP ki- 
nase pathway. In MEFs, these opposing effects are 
equivalent, and Raf is ineffective at inducing p53, de- 
spite its effects in p19 w . In different celt types, or even 
in MEFs growing under slightly different conditions, the 
balance of these opposing pathway s is likely to be differ- 
ent. For example, in 1MR90 human diploid fibroblasts, 
activated MEK Seads to accumulation of p53, presum- 
ably because p1 4*** exceeds Mdm2 induction (Lin et 
ai„ 1988}, In Figure 7, DNA damaging agents are shown 
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Rgure ?. Modal forthe ftegutafion of pS3 by the fiaa/Rirf/MEK/MAP 
Kinasa Pa!hw3y 

W Control Oi RS3 levels in wild-type ce)ls - Activation of the Ra&'' 
Raf/MSK/MAP kinass leads to transcriptional induction ol pt & w by 
E2F-1 via the eyclin O/CDtOVftt) pathway, Although Mdmi protein 
is also induced, p19 ul! is capable ol fceeoing MWmS tuncttonaty 
inactive, pS3 accumulates rapidly atter DNA damage. 
{3J Commf nf pS3 levels m cells lacking piS*">\ Activated Sas/Rat/ 
68K kinase induces ttie transcription of mdm2. Because P19*"'' is 
not expressed, the elevated MdmZp-otcm > ,<i » do . , « • jc - i 
attenuates p53 accumulation In fesponse to DMA dam3go. 



regulating pS3 in a p1 ^-independent manner; how- 
ever, it is possible that p1 9*^ affects the magnitude 
or duration of the p53 response to DNA under some 
physiological circumstances, in contrast to the Ras/Raf/ 
MEK/MAP kinase pathway, which activates opposing 
regulators of p53, E1A induces p19- w but does not di- 
rectly induce Mdm2 (de Stanchlna et al„ 1998), ElAis 
therefore a potent inducer of p63, 

p53 function is lost by mutation of the p53 gene in 
about 60% of aff human tumors (Mollstein et ai„ 1991; 
Levins et a!., 1991). in many of the remaining tumors, 
p53 function is abrogated by overexpression of Mdm2 
(diner et af„ 1992}, expression of HPV E6 (Scheffner et 
al„ 1991), or by ioss of pi 4*^ expression (Kamb et a!„ 
1994; Cordon-Cardo, 1995; Haber, 1997), in about 30% 
of human tumors, Ras is activated by mutation (Bos, 
1989). Although Ras mutation and p53 mutation seem 
to be independent events (Mitsudomi et al., 1992}, Ras- 
induced Mdrrt2 might block p53 from Inducing apoptosis 
or growth arrest in the early phase ot tumor development 
allowing coexistence of Ras mutations and wild-type 
p53. For example, Ras mutations precede p53 mutations 
in the stepwise development of colon cancer (Kinzler 
and Vogeistetn, 1896), Activation of Ras may suppress 
p53 during the early stages of tumor development. 
Moreover, some mutant forms of p53 may retain residua! 
activity (Frtedlander et a!., 1 996), Elevated Mdm2 protein 
levels induced by Ras activation may Mod those mu- 
tated forms of p53 and abolish remaining p53 function. 
Consistent with this, we find that the Ras/Raf /MEK/MAP 
kinase pathway suppresses expression of mutant p53 in 
DKQ4 cofon cancer celts. In addition, p53-independent 
transformation properties of Mdm2 have been reported. 
Sarcomas harboring mdm2 gene amplifications to- 
gether with p53 mutations show worse prognosis, when 
compared to tumors with genetic alterations of p53 or 
mdm2 alone (Cordon-Cardo et ai„ 1994), Therefore, 
Ras-induced Mdm2 might contribute to tumor progres- 
sion in a pS3-independent manner. Mouse models have 



revealed that tumors in which p53 is lost through muta- 
tion or by ioss of p19* R|t are phenotypicaiiy similar, at 
least in the early stages of tumor development {Oone- 
rtoweret at., 1992; Kamijo et al., 1997). However, tumors 
that have lost p53 by direct mutation are genetically 
unstable relative to those that have lost p53 function 
through mutation of plB 4 *' {Kamijo et at., 1997). The 
latter tumors may retain residual p53 function that pro- 
tects ceiis from genetic rearrangement. Indeed, p53 
transcriptional activity can be measured easily in p11 w - 
deficient tumor cells that retain low levels of p53 protein, 
in these tumors, activation of Ras may suppress residual 
p53 and allow tumor progression, 

in addition to a roie in tumor development, Ras regula- 
tion of mdm2 and p53 may have important implications 
in cancer treatment. Tumors carrying const! tut! vely ac- 
tive forms of Ras might be mote resistant to treatment 
with ionizing radiation and chemotherapy. This idea is 
supported by previous observations thai Ras-trans- 
formed N1H-3T3 ceiis are relatively resistant to radiation 
induced apoptosis (FitzGeraid et a!„ 1985; Sklar, 1988). 
Chang and coworkers examined toe radiation survival 
of various NIH-3T3 transformants representative of the 
various classes of oncogenes that may be involved in 
the pathway. In thelrstudy, Ras, Raf , Ets, and jun overex- 
pressed in NIH-3T3 ceiis conferred a radiation resistant 
phenotype (Pirollo at al., 1993). interestingly, chronic 
Ras transformation feeds to an increase in AP-1 activity 
and upregulation of c-jun (Cook et al„ 1 999), As overex- 
pression of transcription (actors c-jun and Ets mediates 
radioresistance, a newly transcribed protein that func- 
tions as an inhibitor of radiation-induced apoptosis is 
likely to be involved. We provide evidence that Mdrrt2, 
a well characterized inhibitor of pS3 activity, mediates 
the radioresistant phenotype conferred by oncogenic 
Ras. Our study demonstrates that constitutiveiy active 
Ras induces mdmS transcription via activation of tran- 
scription factors binding to the AP-1 and £te elements 
within the promoter. In the absence of pis 4 *", elevated 
Mdm2 protein leveis resulting from constitutive^ active 
Ras/Raf/MEK/MAP signaling lead to attenuated and di- 
minished p53 response and increased survival rates 
upon DNA damage. We propose that higher basal levels 
of Mdm2 protein in Ras-transformod ceiis prevents the 
accumulation of stabfe pS3 protein and the subsequent 
induction of apoptosis or growth arrest in response to 
DNA damage. 

Recently, we have suggested that high levels of Mdm2 
activity explain why toe E1 B55k-deleted adenovirus 
di1 520 (ONYX-015) replicates efficiently in many tumor 
cell lines that retain wild-type p53 (Rtes et al., 2000). 
Oncogeni c Ras , or other events that upregulate the MAP 
Kinase pathway, could contribute to replication of d!1520 
in these ceiis by elevating levels of Mdm2 protein. 

in vivo studies provide further evidence for the impor- 
tance of Ras-controllad Mdm2 expression. Inhibition of 
oncogenic Ras activity in mouse models, through phar- 
macological intervention or genetic manipulation, leads 
to death by apoptosis (Lebowilz et al., 1997; Johnson 
et a!., 1397; Heimbrook and Ofiff, 1998), This could be 
due, in part, to activation of p53 through reduced ex- 
pression of Mdm2. To reevaluate the role of mdmZ and 
pi 9*^ in Ras-induced tumor deveiopment in vivo, we 
are currently investigating the contribution of this path- 
way in a defined multistage mouse tumor model, 

in conclusion, we have shown that Mdm2 Is a tran- 
scriptional target of the Ras/Rsf/MEK/MAP kinase path- 
way, and that this activation is independent of p53, Ras 



therefore regulates p53 through opposing pathways in- 
volving Mdm2 and its inhibitor p14* w . In cancer cells 
lacking pi 4*"', Ras suppresses p53 expression. This 
may have important implications in cancer development 



Antibodies ansl Reagents 

Rabbit polyclonal anti-ptiospho-EHK and anti-ERK antibodies were 
obtained from NEB, mouse manoofortai antr-13-aetin antibody was 
purchased from Sigma, and srteep polyclonal 3ntf-p53 antibody 



SJte-Dlrected Mutagenesis 

Missense mutations were engineered Into the various mdm2 pre- 
motet kjciferase eonstrsjefs by primer-mediated mutagenesis using 
the QuickCrrangc - _ - ira'ajem,) AH mutations were 

verifr'ad by sequencing. 

Bectf ophoreSc Mobility Stiift Assay 

Dousie-siranded oligonucleotides spanning regions -129 bp to 
-81 bp (SSI), ana -171 bp to -136 bp (Q$2) Of mtfmg intron 
1 {respective to the first mjefeotida of exori J) were labeled wi»i 
ja- K P;dCTP, Nuclear extracts of N1H-3T3 ceils were prepared aa 
described elswmere (Andrews and PaBsr, 1991). EMSAS were car- 
ried out using 1 0 tig nuclear extract as previously described {rVtaser 
etaf„i9S5!. 



Retroviral vectors (pBabe pure or pWZL3bfast) expressing &8- 

seribed elsewhere (Rodrtswe^-Vieiaria el a!.. 1997; Woods el at., 
1 907}. Antisense ftboprebe for (Wase protection assay contains the 
murine mdm2 cDNA fragment spanning from nt -s-264 to m ~3 
{Barak et at, 19*!), 



Tissue Culture and Ceil tines 

pi 9> w ' null mouse embryo i x - I i 997} .-md wSd- 

type mouse embryo fibroblasts expressing the EGFP-.iRaM:ER 
construct were used tor experiments between passage 5 and 8 
(Kamifo et at., 1*87}. 



\l: cell itr 



MH21 rr 



to preven 1 v, «( iwat n I the Raf-ER j c pro« ■ ^synchro 
nous ceil populations were treated with 1 0 nM 4-MT {for AB-Raf-.iiR") 
or 100 RM (for EGrPiiRaf-nEft) at 80% confloertcy for 24 br or 48 
Hr. respectively. SW480 cells were maintained in LeiboviU medium 
supplemented with i0% heat-inactivated fetai bovine serum. To 
estabtrsll an inducible Mdm2 MH-3T3 ceil fine, the commercially 
available f>S>wtch system (Utvirrogen) was used, in radiation survival 
experiments. NIH i i J cells subty transected with tbe pSwitch vec- 
tor sniy treated with mifepristone fKT *M} served 3S control 



Reporter assays were performed as described previously using me 
Dual Lueiferase system from Promega {Biederer et af„ 3000). pS3 
activity was monitored using the PatbDetect in Vivo Signal Trans- 
duction Pathway els-Reporting System (Siratagene, LaJolla, CA). 



id 0 200 n4- Rrehybridteatiori, hybridizs- 
e performed at 60*0 in QuickHyb 
tgln0.t%SOS, 



and then reorobed'. 



RNasa Protection Assay 
Ribanuclease protection assays w 
kit {Ambton} and a cDNA riboprobe etwresi 
of the fuji-tength rndm2 transcript, Mdm$ mftr-tA arising tram the 
upstream promoter protects a fragment of 280 rit, wfrersas mRNA 
initiated from the interns) promoter if>2) yields a fragment of 147 nf 
(Bar-ax et ai., 1994). 



jtfer and equal amounts ol protein 
jjisferred onto nitrocellulose mem- 
s. AS! immunoblots 
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Th&MDMi proto-oneogerte, which encodes a protein (Stat binds to the p53 tumour suppressor, has been found amplified andoverexpressed 
in a range of human rumours. Although the human MDM2 cONA. sequence has been repotted, the genomic organisation ofthe human gene has 
art been documented. We have previously reported the detection of five alternative internally deleted transenpts in human tun. iiirsati - 

suggested these may repres m ' • . . ms Here s«denionstratcnvono\xlMD^transc^ptswift internal delerions,'. tgRI 
PCR followed by sequencing. To definitively ascribe these variant transcript torn* to alternative splicing, and to explore associated 

i the tntroo-eson organisation of the human genomic sequence, The human MDM2® 
33 kb and is divided into 12 mm. fixon sixes range from SO to & 1 16 1 bp and itttron awes vary from 121 to - 7000 bp The p i 
mmm-exM boundaries arc compared with the deletion junctions of the multiple -sized transcripts and discussed in relation to alternative 
spi i i ty mechanism. 

© 2004 Elsevier 8.V. All rights reserved. 
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J, introduction 

The Mrfm2 proto-oncogene was initially identified as art 
amplified gene from a mouse double minute chromosome 
present in a spontaneously transformed Balb/C 3T3 ccii 
line, 3T3DM (Haines el al., 1994; Stgalas et aL 1996; 
Steinroan et al„ 2004}. The causal role of this gene in 
tumongenesis was original^ established by transfection 
studies using genomic DNA sequences. In these studies, 



At*r*imfi»is: MDM2. mouve double rmwvK 2 gene; 8T-PCR. reverse 
mmstripdoB polymerase chain reaction; cDNA, eujnpfcroenlary DNA; kb, 
lilnht , hp b c p It- iM niuomerhMit ell em 

diamine tetra acetate. 
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experimental ovensxpression of mdm2 resulted irt the 
immortalisation of primary rat embryo fibroblasts and 
induced a fully transformed phcootype in the cells when 
cotronsfecled with an activated ras gene (Finlay, 1<S93). The 
human homologue of the MDM2 gene lias been found to be 
amplified in over 30% of human sarcomas (Oliiier et aL 
(992, teach et al., 1993), which consequently results in 
high levels of the MOM2 gene product. In addition, MDM2 
ovcrexpression can also occur through enhanced transcrip- 
tion and tons ati t ios el al., 1993; Landers et 
al., 1997; Momand et al., 5998). 

The human MDM2 gene has been localised to chromo- 
some 12ql3-M. Although the human MDM2 cDNA se- 
quence has been previously reported (Oliner et al., 1992), 
tittle is known about its genomic otganisation. The 
protein is composed of 491 amino acids and contains a p53 
binding domain (codons 19-102), a putative nuclear local- 
isation signal (codons 181-185), an acidic domain (cottons 
223-274), a central seine- finger nwti f (codons 305 -332) and 
a ring-finger motif towards the C-terminai end of the protein 
(codons 438-478) {Boddy et al, 1994). 
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MCM2 appears to be a pluripotential oncoprotein, exert- 
ing its transforming properties through several alternative 
mechanisms, of which the most extensively studied has 
been the negative regulation of pS3 function MDM2 blocks 
p53 transcriptional function by binding to p53 {Momand el 
ui., 1992: Ohner et al, 1993). The binding of MDM2 to p53 
also results in the rapid degradation of p53 (Haupt et af.. 
1997; Kubbuiat et al„ 1997). In addition, MDM2 has been 
reported to have p53- independent iuniorigenic properties. 
This includes the ability to interact with and inactivate the 
pRb rumour suppressor protein (Xiao et a!., i 99 S) and to 
bawl to and activate <U K2F1 tran rip >rt factor {Martin et 
al., 1 995). Furthermore, two independent transgenic studies 
have shown MDM2 to have tunaourigemc properties in p53 
null mice (Lundgren et al, 1997; Jones et al, 1998). 

One of the distinctive properties of MDM2 is the pos- 
session of an extremely complex expression pattern, its 
multiple-sized transcripts and proteins have been found in 
tumour samples and ceil lines by a number of groups 
(Haines « at, 1994; Sigalas et al , 1996; Battel et al, 
2002). In our previous studies, five alternatively sized 
transcripts of the human MDM2 were found in human 
ovarian tumour, bladder tumour and leukaemic ceil samples 
(Sigalas et al„ 1996). The expression of the alternatively 
sized forms was found to be more frequent in tumours of 
advanced stage and high histological grade, and they also 
retained their ability to transform K1H3T3 cells. Here, we 
presort data demonstrating two further MDM2 transcript 
forms with internal sequence deletions in human tumour 
tissue. We hypothesised that these transcripts are generated 
by alternative splicing. To test this hypothesis and to explore 
the associated mechanisms, we have investigated the ge- 
nomic structure and organisation of the human MDM2 gene. 
This gene is - 33 kb in length and comprises at least 12 
exons. The sizes of exons vary from 50 to ,> 1161 bp, and 
introns range in size from 121 to - 7000 bp. The position 
of iniron ew>n boundaries is compared with the sequences 
of the MDM2 variant transcripts and discussed in relation to 
alternative splicing mechanisms. 



2. Materials and methods 

23. Nested RT-PCR 

Total RNAwas extracted from human bladder tumour and 
normal bladder tissues. Nested RT-PCR was carried out as 
previously described (Sigalas et al, 5996). 

2 J. Genomic DNA extraction 

Genomic DNA was prepared from frozen norma! hu- 
man placental tissue by digestion with proteinase K and 
phenol-chloroform extraction. The DNA was precipitated 
with a half volume of 7.5M ammonium acetate and one 
volume of isopropano!, washed in 70% ethano! and 
resuspended in 1 x TE buffer (10 vtM Tris, 0.1 tnM 
ED'TA pH 7.5). 

2.3. Lmg~range PCR 

Primers (Table 1) were designed from the published 
MDM2 cDNA sequence (Oliner et al., 1992), Each primer 
pair was designed to cross the deletion junctions of 
multiple-sized transcripts (Sigalas et al., 1996) or accord- 
ing to the predicted exon/intron boundaries by referring to 
the mouse mdm2 gene structure (Jones et al, 1996; 
Monies de Oca luna et al, 1996). A long-range PCR 
protocol was earned out, with the above human genomic 
DNA as a template, using an XL PCR Kit (Perkin Elmer, 
Part No. N808-192). For comparison, PCR was also 
carried out on normal human placental cDNA. The reac- 
tion contained 1 X reaction buffer, 0.8 iriM dNIP, i.l mM 
Mg(OAc} 3 and 4 units of rfth DNA polymerase, 40 pmol 
of each primer and 100 ng of genomic DNA or 20 
ui cDNA in a total volume of !00 til. The long-range 
PCS was performed using a thermal cycler (Perkin-Elmer 
Mode! 480) as follows: 94 °C for 2 min; cycles 5-16 at 
94 °C for 30 s, 58-62 *C for 10 min; cycles 17-28 at 94 
C C for 30 s, 58-62 "C for 10 min and 15 s of increment 
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per cycle, with a final extension of 72 °C for 10 rain after 
the last cycle. 

PCR products were separated by electrophoresis on a 1% 
tow melting temperature agarose gel (NuSieve GTG, Flow- 
gea) and visualised by ©tbidium bromide staining with UV 
transillumination DNA oandj amplified from genomic 
DNA were excised and purified with a QIAqufck Gel 
Extraction kit (Qiagen), by following the procedure recom- 
mended by the company, 

2.4. Cloning PCR products 

Purified PCR products were subdoned directly into the 
pGEM-T Easy vector (Promega) following the protocol 
recommended by the company Ligation products were 
transformed into Escherichia eoli JM109 and clones con- 
taining the desired inserts were identified by PCR screening. 
PSasmids were prepared by using the Wizard Plus SV 
Miniprep system (Promcga). 

2.5. Sequencing 

Sequencing was carried out manually by using PCR 
product directly as a template or automatically by using 
plasmid PCR product clone as a template. Manual sequenc- 
ing was performed using the Sequena.se Version 2.0 DNA 
sequencing system (Amersrtara, Product No. 70770). The 
automated sequencing was carried out in the centra! core 
facility at the University of Newcastle upon Tyne Medical 
Faculty. The sentiences were aligned with the published 
MDM2 cDNA sequence, using the DNASTAR sequence 
analysis software package. 



3, Results 

S.I. The detection of multiple-sized MDM2 transcripts in 
human tumours 

hi our previous studies, we have found five altemati ve- 
sted MDM2 transcripts (MDM2~a, -b, -c, -d and -e) 
{Sigalas et a!., 1996). Our present investigation of the 
MDM2 transcriptional pattern it) human bladder tumour 
samples, but not in normal bladder {issue (data not shown), 
using RT-PCR has revealed two further transcripts, sized 
813 and 707 bp, which we have designated MDM2-ai and 
-g (Fig. 1). Sequencing shows that these two transcripts 
have internal sequence deletions: MDM2 a] lacks nucleo- 
tides from codons 28 to 222 and codons 275 to 300; 
MDM2-g misses nucleotide codons from 28 to 97% and 
U4% to 300. Fig. 2 shows the structure of these tran- 
scripts in relation to the full-length MDM2 cDNA se- 
quence and previously described variant transcripts (see 
GessBank accession numbers AF201370 and AF20137! for 
details of the sequences). 
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Fig. 1, transcripts were amplified by RT-PCR with ncstid primes* 

*tt dank the MDM2 cottins ttfiau, as pirviousfy descnW (Sigda* * at . 
IW; MMwwwttt et «J, \m\. M: makaOx we$M raaker. 

3 2. MDM2 genomic structure and organisation 

We have used long-range PCR amplification, followed by 
cloning and sequencing to in\ a .tigate the organisation of She 
human MDM2 gene and in particular to define intron-exon 
boundaries and flanking intronic sequences. Eleven DNA 
fragments were amplified from genomic DNA with the 
primer pairs shown in Table i , which match to the known 
Ktnm cDNA sequences. Comparison of the sequences of 
these PCR products with the published sequences of A&EW2 
cDNA clones reveals that the Pri! primer pair spans inirons 1 
and 2; while primer pairs Pri2 - 1 0 cover one intron per primer 
pair, However, the region flanked by primer pair Prill, 
covering from the 123 5th to 2351st nucleotide of the 
MDM2 cDNA clone sequence (OSiner et ah, W2}> was 
found not to contain any intronic sequence. Sequence anal- 
ysis indicates that MDM2 spans approximately 33 kb of 
genomic DNA and is separated by 51 introns. Exons range 
in size from 50 to £ 1 161 hp. The size of the introns varies 
from 121 to - 7000 bp (Table 2). Exon-intron boundary 
sequences of the 5' and 3' splice sites follow the "GT and 
AG" rule (Table 3; see GenBank accession numbers 
AF144014 AF144033 for additional intronic sequence data). 
Table 4 shows the 3' ends of the intronic sequences adjacent 
to the intron - exon boundaries, including branch sites and 
poi> r 1 1 mi iin tracts The sequences of branch sites have a 
good match with the consensus sequence YURA'Y (Y: 
pyrrolidine, R: purine, A*: branch point residue). The dis- 
tances between the branch points and the 3' splice sites vary 
from 18 to HI bp. The GT content in the polypyrimidine 
tracts ranges from 53% to 90%. 

Comparison of the structure and organisation of thehuman 
MDM2 gene described here with that published for the mouse 
gene (Jones et al., 19%) indicates that the number of the 
exons and introns is the same. The size of the coding exons is 
iimi u,it >h 2 > However, the sixes of the noncodmg trans- 
cribed regions, including exons 1, 2 and 12 and the introns, 
differ substantially, with the exception of introns 1 and 3, 
$3. Analysis of alternatively spliced variants of MDM2 
mRNA 

We have detected seven MDM2 transcript variants 
(MDM2-a, -b, -c ~d, -e and -g) previously and 
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tumour nssues, bat not in normal tissues. Detection of 
alternative spliced forms of MDM2 mRN varied, and 
appeared to be relatively abundant in most sample*. 
These variants encoded protein products in vitro ami 
were found to transform N5H3T3 ceils and to be associ- 
ated with high-grade and iate-sfage human cancer (Sigalas 
ot a!., 1996 and unpublished data). Our data were 
supported by the observations of other groups, who 
reported that alternatively spliced mdml transcripts pro- 
moted tumour formation in mouse mode? (Fridman et al, 
2003; Steinman et al, 2004). These collective observa- 
tions suggest that alternatively spliced forms of MDM2. 
enc(idmg~3iteriiative protein:; with differing functional 
capabilities, may play an important role in rumour devel- 
opment. The human MDM2 genomic map presented hers 
enable us to relate the genomic structure and organisation 
>M2 to the appearance ot' variant transcript forms 
and provide a basis bi ei skiering alternative splicing 
mechanisms. 

Pre-mRNA splicing involves precise excision of nitron 
< - , and the ligation of exon sequences. In cases of 
alternative spiking, die excision may occur at cryptic splice 
sites; exons may be skipped and inttons may be retained. 
The organisation of the exon-mtron boundaries of the 
human MLW2 gene indicates that the MDM2~a, -al, -h, -c 
and -g variant transcript forms (Fig. 2) result from multiple 
entire exon skipping, because the Internal deletion junc- 
tions correspond exactly to the location of exon-intron 
boundaries. However, the deletion Junctions of MDM2-d 
and -* forms do not correspond to die boundaries between 
exons and introns, and there are no coi 
sequences surrounding them to indicate the possible use of 
cryptic splice sites. This suggests that they may have 
resulted from an unusual and possibly aberrant splicing 
mechanism. 

The regulation of alternative spiking involve both 
elements and tra/w-aeting factors. The as elements in- 
clude the 5' and 3' splice sites, a branch stte and a 
polypyrimidine tract between the branch point and the 3' 
splice site, ft has been demonstrated that: a short distance 
between the branch point and the 3' splice site and high 
DT content at poiypynmidme tracts give rise to high 
efficiency of splicing in mammals fHelfman et ai, 1988; 
Libri et al, 1989). Our data show that all the 5' and 3' 
splice sites of the human MDM2 gene obey the "GT" 
and "AG" rule. The branch sites also have a good match 
with tin. t nsensu s However the distances 

between branch points and 3' sites, and the percentage 
Crr content vary between introns. The exons most 
frequently retained in the splice variants have shorter 
distances between their upstream branch points and 3' 
splice sites and/or a higher percentage OT content ia 
their upstream polyp} rimid i ipared with ihose 

exons commonly excluded {Table 2). It suggests that the 
short distance between the branch point to the 3' sit - >n& 
the poiypynmidme tract with high OT' content confer 



high splicing efficiency to their adjacent splicing sites, 
winch is consistent with the observation reported by 
Smith et al. (1989), Goux-Pelletan et al. (1990), Mueller 
et al. (1997). However, exon 7 was spliced out with a 
high frequency although there is only a short distance 
between its branch point and 3' splice site and there is 
also a high C/T content in its upstream poSypyrmud - 
tract. The explanation may be thai it ts spliced out along 
with upstream exons. The order of intern removal is 
governed by preferential binding of splice factors rather 
Than in a sequential numerical order (Lewin, 1994). It 
may be possible that exon 7 processes splicing before 
exon 6 does, and the 5' end of exon 7 may in seme 
circumstances be ligated preferentially to the 3' end of 
exon 6. If exon 6 has low spike strength, then m the 
process of ligation with its upstream exon, it may be out- 
competed and skipped out together with exon 7, 

Currently, we are not clear why the alternative spliced 
transcripts appear preferentially in tumour samples, espe- 
cially in advanced stage and high grade, but not in normal 
l,s u'es (Sigalas et »i 1996; Battel et >1 2002) Although 
variant MDM2 spliced transcripts have been reported in 
normai tissues in one study (Sartel et al., 2004), we failed to 
detect these isoforms in noncancerous tissues. It has been 
proposed that a mRNA surveillance system exists in cells, 
which protects them from errors of transcription, mRN A 
processing, or rnRNA transport (Pulak and Anderson, 
1993). Mistakes are not uncommon in splicing of SNA 
from complex genes, Exons can occasionally be skipped 
{Nigto et al, 1991}. In the normal situation, the surveillance 
system would probably degrade most mRNA with splicing 
errors as they are transported to the cytoplasm. Ws speculate 
feat in cancer ceils, this system may not function correctly 
and, consequently, the splice variants may escape degrada- 
tion. It is also possible that there are mutations in the intern 
region that cause alternative splicing and the presence of the 
variants contribute to the cancer. It would be of interest to 
test this hypothesis by investigating intron nucleotide 
sequences 'in tumour samples that show expression of 
alternatively spliced fonns. However, other models can be 
envisaged; for instance, we cannot role out fte possibility 
[hat; ctit factors are involved in the alternative RNA 
processing by blocking some Splice sites and/or enhancing 
other splice sites. 

in conclusion, we have detected two novel MDM2 
alternatively spliced transcripts and have also defined the 
structure and organisation of the human MGW. gene. In 
addition we have related this information to potential 
mechanisms by which alternatively sized MDM2 transcripts 
are generated. As the alternatively spliced MDM2 mRNAs 
. bi en shown to possess oncogenic potential and to 
correlate with advanced malignancies to tumour progress 
(Haines et al., 1994; Sigalas et al, 1996; Stcimnan et al, in 
i - d '"gnosis of sarct-inas 
di playing MDM2 amplification and alternative splicmg of 
MDM2 transcripts. 
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